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PREFACE 


In parting with the present volume I have the satisfaction 
of feeling that I have accomplished the first part of the 
task which I set myself fourteen years ago. When I began 
I looked forward to executing the whole work, both Special 
and General Parts, myself in seven or eight years. That 
expectation has not been realized. Indeed had it not been 
for the assistance given me by my colleagues, Mr. J. J. 
Lister and Mr, A. E. Shipley, the present volume would have 
been far from completion. Thanks to their generous 
co-operation it is now finished, and I am in a position to 
turn my attention to the General Part. It is sati8factor3’ 
to have finished it, but it is impossible to avoid a feeling of 
regret that owing to circumstances which were unforeseen 
when the work was commenced it has occupied so many 
years and that the General Part, to write which the Special 
Part was undertaken, is not yet begun. 

The distribution of the work of this volume lias been 
as follows: The chapters on Tunicata, Enteropneusta, 
Echinodermata, Onychophora and M3Tiapoda are by my¬ 
self ; the chapters on the Arthropoda in General and on 
the Crustacea, and the section on the Xiphosura are by 
Mr. Lister; and those on the Insecta and the Arachnida 
by Mr. Shipley. 

Our thanks are especially due to Professor Herdman, Mr- 
Punnett, Dr. Bather, Professor MacBride, Mr. Sinclair, Dr. 
Caiman, Mr. L. A. Borradaile, Mr. David Sharp, Mr. Hugh 
Scott, Professor Imms, Mr. C. Warburton and Mr. C. C. 
Dobell for reading the proofs and for the advice and assist¬ 
ance which they have given in different parts of the volume. 

Our thanks are further due to those authors and pub¬ 
lishers who have allowed us to use illustrations which have 



appeared in other works. The sources of these are acknow¬ 
ledged, but we must especially mention Claus’s Lehrhuch, 
Shipley & MacBride’s Zoology, Bronn’s Thitrreich, Kor- 
schelt & Heider’s Textbook of Embryology, Delage & H6rou- 
ard’s Zoologie Concrite., Perrier’s TraiU de Zoologie, the 
Cambridge Natural History, Lang’s Textbook of Comparative 
Anatomy, Zittel’s Qrundziige der Palaeontologie, Lankester’s 
Treatise on Zoology. 

I have also to state that the drawings from which figures 
105 and 132 were engraved were made by Mr. J. G. Simpson 
under the direction of Professor MacBride. 

Now that the work is completed something must be said 
as to its architectural plan. This has been criticized (see, 
for example, the review in Nature, November 23, 1905) on 
the ground .that the Arthropods are separated from the 
Annelids, and that the Tunicates and Enteropneusta are 
placed at the end of the Chordata. In the first volume the 
clue given by the coelom is mainly followed and this 


leads from the Annelids to the enterocoelic phyla the Phor- 
onidea, the Brachiopoda and the Chaetognatha. Having 
reached this point it was not possible to treat the Arthropoda 
until after the Enterocoela were finished. This accounts 
for the position of the Arthropoda at the end of the work. 
It may be objected that the Artliropoda should have come 
after the Annelida in volume I. But this would have 
involved the inconvenience of separating the GephjTea 
Achaeta from the Gephyrea Armata, and the Brachiopoda 
and Polyzoa from the Chaetopoda. Moreover, the Arthro- 
pocla differ so fundamentaUy from the AnneUda in their 
coelomic arrangements and are such an enormous and eelf- 
contamed group that it did not appear that any practical 
^advantage would foUow upon their separaUo'^n from 
the latter which m some features of their orcanizatior, 

1 d^ffieultTw Jet*°the sysjmir rolSgLVmfe'irlfe''^' 

clue, as there nearly alwavs is wh* K 
- Obliged to adopt a linear arra^eme^l.^^tl^ 


ure 
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is content with nothing less than arrangement in three 

dimensions. ,, • u j 

Following then the clue of the coelom and having reached 

so near the Chordata, it seemed natural and proper to teke 

them after the Chaetognatha. I might of course have 

placed the Echinoderms here and treated the Enteropneusta 

after them. That was in fact the original intention, but 

after careful consideration there seemed no reason based on 

zoological aflanity why this should be done and it would have 

been almost an outrage to have placed the Echinoderms 

next to Sagitta. It was accordingly decided to take the 

Chordata at this point, beginning with Amphioxus and 

serving the Enteropneusta to the end to lead on to the 


Echinoderms. 

Though I offer this explanation I quite recognize the 
validity of the criticism. All zoological arrangements are 
compromises, and none of them can be, now or ever, entirely 


natural. 


A. SEDGWICK. 


Cambridob, 

November 26, 1908. 
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CHAPTER I, 


PHYLUM TUNICATA^ (UROCHORDA). 

Fixed or 'pdagic^ solitary or colonial animals enclosed in a 
tunic or test, v)kich is largely composed of a substance allied to 
cellulose. They have an atrial cavity and a large pharynx 
vnth perforated loalls. The larva is tadpole-shaped and possesses 
a hollow dorsal central nervous sysUmy and a noiochord in the 
caudal region. 

^ Mtimoirts aur Us anitnaux sans v€rtibrzs,^,V^T\s,\%\C. MilnO' 

Edwariip^ Obt^. los Ascidies composed ded cotes <]e la ^!unch^» .ytem. 
Ac. Sc. PorU, 1«, 1842. Huxloy, On anatomy* and pliysiology of S^ctpa 
and Pyrofioma, Phil. Trans. IH3L I<1. Anat. und dovol. of Pxjrof^oma. Trons. 
Lin, Soc. 23, 1880. Krolui. Dio Entwick. v. Phiillu^ia inumillatn, M iller's 
Arch. 1852. Macdonald, On Chortdroslachye, Ann and A'a^ Hist. 

(3), 1, p. 401, 1858, and On Diploscma, Linn. Trans. 22, 186^. A. Hxri- 
rtick, Aiiut. und Phyrf. Tuniruta, Journ. Lin. Soc.,V, 1807. Kowiili'x eky, 
Entwick. d. airfachcn Aacidion, Mtm. Acad. Sc. St. Pcttrt*bvur<j ^7), 10, 
1800, and Arch. f. Mik. Anat., 7, 1871. Id. Heitrage z. DiliUmp do8 Mant^^U 
d. Ascidien, Mem. Acad. Sc. St. Peiersb. (7), 38, 1892. Giard, Re< h. d. lea 
Aacidien compoa^ea, -4rcA. Zool. Exp. (ten. i. p. 501, 1872 ; Cont. d Thiatinro 
nat. dos Synascidiea, ihid., 2, p. 481. Ldcnze^Dnthiora, Les A^^oidioa 
aimplea d<^8 cdtea de France, Arch. Zool. Kxp. (hn. 3, 1874, p. P and 6# 
1877, p. 457. L.-Dutbiera at DeluK^, fit. anat. ot 1 . 00 I. aur lea Cyntindiea, 
Arch. Zool. Exp. Uen. 7, 1889, p. 519. Id., Etudes sur lea Aacidiei dea 
cOtoa do Franc^^ (Cynthiidae), M(m. Acad. huif. France. Roule, Rech. e. 
les Ascidiea r.irnplo doa edtea do Provence, Ann. du Mus. Hi^t. Sat. Mar¬ 
seille, 2, 1884. and Ann. d. Sci. Nat. (6), 20, 1880 ; id., Revision dea o»pi!*ces 
do Phalluaiad^es doa cotea de Provenc'o, lire. Zool. Suisae, 3, 1887. Julia 
Rech. a. Torganiame des AaciclieH aimple.'*. Arch. Hiol. 2, 1881. v. Drawc’lic, 
LHe Synaecidien der Buchl von lioritjfu*, Wien., 1883. Herd man, Ri-port 
upon the Tunicata collected during tho voyagn of H.M.S Challt ntjer^ 
Chall. ReporU, Pt. 1, Asc. airnplicea, 1882, Pi. 2, Aac. eonipciHifiie, 1HP8, 
Pt. 3, Salpiformoa, Tluiliucea and Larvm ca, 18HH ; id., A reviwed cluHHifi- 
oatcoa of tho Tunicuto, Journ. Lin. -Sor. 23, 1891. vun RcnedcT^ luut Juhn, 
Rach. a. la morph ilogio dca Tuniriera, Arch. Riol. 0 and 7, IHHO. l-ijhille, 
Recherchra aur Lrs Tuniciera dee eotea de Fra?i<e, Toulnuae, 1890. (. aulU^ry, 

Cont. ti r^mde dea A«cidioa < oinpoadoH, Hull. Sc. France tt 181*5. 

WUley, Studiub on the ProU/cl»ordaii*, Q.J.M S., 34 and 35, 1893. Id , On 
tho protoHtigruutd id Moltjubi monhnlUna^a, (^^../.M.S., 44. J9oi>, jj. 141. 
8c<s1iger, ruiricata, in Rronna Thirrreich, 1893 and oiiwurdn. Delage ei 
H^'jrouiiid, Traife dra ZoolotjL* r.'oncn' K, Puri**, 1898. KonwrheJt arid 
Haider, Ttxt-ISoo.k of Kiiglish Pt. 4, LfUidon, 1900. 

SelyH LonchinnpH et D/*maH, Lu devebpcut-embryunnaire et ruiiat4>mje iiv 
Mol^ul/iy Arch. IJiol. 17, 1904, p. 385. Damaa, Conlnbuthm u k» tuda dot 
Toaiciera, Arch. liioloyic, 20, 1904, p. 746, 

z—m 
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phylttm tuwioata (tjbochobda). 


The Tunicata are entirely maiine animals. They comprise 
seuile forms, attached to foreign bodies in the sea, and jwlagic 
forms which float freely, principally in the surface waters of the 
ocean. Many of them live in colonies and most possess, the 
power of asexujd increase by budding. 

Their place in the system was for a long time unsettled. By 
Linnaeus they were placed partl> amongst the MoUuaca and partly 
amongst the Zoophyta, and this example was followed until the 
begimiing of the last century, when as a result of the anatomical 
investigations of Cuvier, Lamarck aiid Savigny, the true nature 
of the compound Ascidians and their relationship to the simple 
/isvidia!is were recognized. As a result, the group Tunicaia was 
establislied by Laniarck in the year 1816,* and placed between 
his Radia*a and Vennes. Lamarck recognized their distinctness 
from ths Molliuca, but Cuvier (Rcgne Animal, 1817) failed to do 
this and placed them wit!i the Acephala. The views of Cuvier 
predominated and the Tntiicala wore regarded as Molluscs until 
the middle of lost centur/. At about that time suspicions arose 
as to the 'Correctness of Cuvier’s view, and the class MoUuscoidea 


was in 1S44 suggested by H. Milne-Edwards to comprise the 
PohjzcK!, Brachiijp.'da and Tunicaia. At this point tho discus* 
sio.i re-uaiiied, Uiilii the publiration in 1860 of Kowalevsky’s 
vorl. un ihe development of the simple Aseidiai^s. He tliere 
showed that the tailed larva, fimt observed by Milne-Edw'ards 
and ufLeiwards described by Kruhn, ia evolved bv a process 
closely resembling the raily development of the vertebrate 
einbr/o, that it possesses a dorsal tubular nervous system 
and a nobxjhonl, end that the branchial basketwork of the 
adult is derived from nimplo stigmatic apertures which can be 
faiily brought intc relation with the gill-slit^ of the Verte- 
brata "V nrioiis far-renening phylogenetic hypotneses have been 
based upon this discove'^, amongst the moat astonishing of 
which must buiely be raidced that which assigns to the Tunicata 
a plu'^e in tho direct line of vertebrnto ancestrj-. But putting all 
these on one side, aa indeed we may safety do without any 
appreciable W to zc-ology, there stUl remains this important 
result from Kov.ulevsky'a famous investigation; it has settled 
finaUy tho systematic position of the Tunicata. Henceforth 
they must be placed, if not actually w ithin, still in close assoc iation 


• HUtcire naiurelle de» animaaj: aana verlibres, 3, 1816. 
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with the vertebrate phylum, and to 
Kowalevsky must be assigned the first 
place amongst the many distingtiished 
workers whose labours have built up 
our knowledge of tunicate morpho¬ 
logy. But the Tunicaia have other 
claims to the special attention of 
zoologists. Most of them possess the 
power of asexual reproduction by 
budding. Not only is this noteworthy 
in a group so near the Vcrtebrata, 
but the phenomenon is remarkable for 
the variable manner in which it is 
effected. The condition of the coelom 
appears to be highly peculiar, and the 
presence outside tho ectoderm of a 
layer containing blood-vessels and 
nucleated elements is a feature unique 
in tho animal kingdom. 

As a type of the Tunicata we shall 
take a common example of tho simple 
Ascidians, Ciona intestinalis. Ciona 
has an elongated form (Fig. 1). At 
one end, which we shall caU the pos¬ 
terior, it is attached by processes of 
the test to the substratum ; at the 
other end, which we shall call the 
anterior, is the mouth-openij»g, or, as it 
LB often called, tho inhalent siphon. A 
little distance from the mouth on one 
side of the body is a second opening, 
the aperture of tho atrial cavity or 
exhalent opening (Fig. 1. ~)- Fho 
side on which this is placed is called 
dorsal. Tho side opposite to that on 
which the atrial opening is placed is 
the ventral surface. The whole body 
is covered by a semi-transparent 
gelatinous coat, called tho tunic or 
tecc The test is a thick, hyaline, 


1 



Fl(J. 1.—Cwmt intt**inaiU^ life 
(AfUr Shipley Ami Mac- 
Bride). Some of the r>rg,^u 
can be tee*) through tho 
traoAparent test, i mouth ; $ 
aUiaJ ftpertore; Janu*; ¥jr«-ol- 
talopening; 6 muacleaol body 
wiUl; 6 •iomach; 7 rtcUim ; 
$ ovary ; 9 stolon of attach* 
ment; 79 tentacular ring; 
it perJpharrageal ring: 
72 oerve'gangllon. 
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phylum tunicata (urochorda). 

cuticular layer containing ceUulose. It is lined intemaUy 
by a layer of ectoderm cell* which in the first instance 
secretes it. The remainder of the body waU, consisting of un- 
Btripod muscle and connective tissue and in the region of the 
atiial cavity of lining atrial epithelium, constitutes the mantle. 
In the living animal it is in contact with the ectoderm, but in 
spirit specimens it frequently shrinks away leaving a space be¬ 
tween the two, the only points of contact being the mouth and 
atrial apertures, and the point near the hind end of the endostyle, 
where the blood-vessels pass across from the mantle to the test. 



Fill. ffC'ni tbi) of PHaUu0iA mammillrtta x (aftor 

HecUgvr from bronn), .1 rnd of .0 iurfftcc vli'w B 

Jfrir- of four (I-IV) thmugh a tormina) invj*- nt 

ti^.e Uuw inj»rkcfl4-iv In vl.. Tbo ukIicaU the illrcflion nf 

the bJood-slreafrL 66 cavity of blood-wwl 6; blood coriiu^cf. i 
wvxlorn^ial w^ll of tho vessel: g geUtin )xu ftcptum \rhii h 
cor.llmkf3 the «epotion hct^r>en lhctw.» bUjOil-strcaina a Miort 
diAWv^ (II aol III) Into the bulb 


The test is a 
cuticalnr secre¬ 
tion uf tlio ecto- 
dorni, of very 
various consist¬ 
ency and colour 
in tho different 
forms. When it 
is first formed it 
is structureless, 
blit it frequently 
becomes fibril- 
lated and in 
most Tunicatoa 
processes of tho 
body wall con¬ 
taining blood¬ 
vessels and nu¬ 
cleated proto- 
plttsinii* elements 
soon mske their 
way intM it. The 
vnscalur proces- 


ovc* C4I Uv 

onr. 01 moro points. Th.‘y hrnnch in the test nnd oventimlly end in 
tertmnal swoUmgs. EncU hlood-vras-J is double, except in the terminal 
bulb, where the two ,m- in mminum-atioi, (Fig. 2. .4). Tho nucleated 
protoplasnuc elon.outs of the test h.o for the part n.esoderm.il 

u. origin, having pas«tl throug), the .•ctocl. riu Some of tlu-m have 

rXl. o'^her" ‘'-‘'-l-'pcci large cneuole. tveeicular 

^ ^-ontnin pigment, while yet others may seorcto calcareous 
(S^noascidinns) or siliecoim (Snips) spicules. 


The mantle contains a considerable development of musc ular 

Atl^'er^" ' ""T """!' “ " contractility. 

At the apertures the musrles arc- arranged as sphincters. 

ihe mouth ts surrounded by e.ght .mall lobe-like projections of 
the mantle, between which red pigment spots am pliced U l™^ 
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into a short tul.c—the biucul cavity «>» 


?>toinodaeiim—int«j winch 


the test is prolon^^etl 
as a lining. Tliis 
passes into a largo 
cavity, the pharynx 
or branchial sac (Fig- 
3), the anterior end 
of which is marked 
l)y a row of small 
liollow t<*ntaclcs con¬ 
taining blood (2). A 
little further ba«k 
the pharynx U cn* 
circled by a grooved 
ridge called the prri- 
pJuinjwjcal ham! (-’i). 
Tlie portion of the 
ridge b<^tween the 
tentacular I'ow aiul 
the peripharyngeal 
band is calk'tl lli<“ 
'ljrrbran<‘/iinl zone ; :t 
is devoid of gill 
apertures, but bears 
just anterior to the 
p(*ri[>hai'yngeal band 
in the dorsal middle 
line a funneb.shaped 
ciliated pit. calk'd 
the dorsal tubercle 
or ciliated funnel 

(Fig. 3 .i. 3 ,Fig. 4 .r)- 

Into this pit, whi<-!i 
is lined by ciliated 



columnar cells, there 
ojK*nH in all Tuni- 
< iita, excejit the 
Salpidae (see below, 
p. 47) and the phoro- 
zooid of DoluAum 


\Q 3—SMo \ lew oj (•<'»!«J Tl..- f-li.irvii« nn*! 

ntrlal ra\ lt\ Ii.iN'- Oi-- !<•!« 'I'li' ' '’<• ' '1ii| '■ > 

1. iit.i.I-. . j... ii-li .r» i.-j- ■! 

I ;iiMi . J *<ill .. 

; y r.-, Ill III , 10 .U.iii . 11 nt ri;.l u|m r iir. - I'lm r 
eurlitri; Ilf U.ijy «.*U JJiiUitl.-) k»io«ii.K iii>i-< 1'-* / ' . xr:!.! 

liiU rHv . n fiill>l»<‘uriil «|:icm 1 aii.l .. I ’ ‘ ' 'a"’ <’ 

i.lmryiix wall. iOh.iirl iii |.ori< icr.lluiii ."'‘‘f'',,/'‘'' 1 '^)-'. 
Vila (K-Icr«-ii« ; I'J l.-.U< <ilur tut.i a -.n »i.t<-s 1 m«-; -« >•' - 

21 uiiUifior boimaury <>l J^ody-cavity (.r|.l< ardiiil <«m»v) 
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affine the duct of the neural gland. The walls of the pit 
* • ’ bv nerve fibres from the ganglion, and some of 



F.o. 4.-lcner iurltt« o! bocciil avltr »nd of tho •nteriot pmof 
a rrobmichUl tone ; b UnUcolM drdai ; e periphArrnga*^ band : d eptbr^chlal • • 

4 union ol enrtoetyle with peripharyngeal band ;/endojivle ^/Pbyjmgeal apertur^ A dortU 
lAtnlna with langueta ; i eubneural gUnd; f doraai tubexde; A longitudinal muecle (after 
Yogi and Yung). 


duct of which is lined by cubical non-ciliated cells, is in close 
contact with the ganglion, generally on its ventral side, but it 
sometimes lies dorsal to the ganglion [Cynthia, Molgula, Botryllus, 


etc.). 



Km 6.—Di:»i^T^mTn.itic longltudloai eecUou through thu gaDgllon end eubneural gland of 
CiarWtAd defter HeeJtger froiQ Brnno). et ecUKierm: m endoderm ; fb peripharyngeal 
band (nut gruoved in UiU form!: fg cUlaUd pit (donal tubercle); « ganaUoo' n uerve * p 
atrial ca«'U 7 . td eubneural gland. ' 

Tho prebranchial zone is in soma forms covered with small papilliform 
projections. Tho openmg of th« ciliated funnel varies much in form. 
In a few coses it ia circular. More often it is »-^micircular or hor^ahoe 
shaped (Fig. 4). Sometimes tho horns of the semicircle are spirally curved 
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arid occasionally the Ups fuse in places so that the opening becomco sub¬ 
divided into many {Ascidia maruyni and atra, PhaUueia mammtUata). 
The neural gland is said to be derived from a portion of the cranial veeicle 
of the larva, which as is weU known acquires a secondary opening into 
the anterior end of the alimentary canal. It is clearly glandular, but its 
exact function is quite unknown. It has been supposed, without suffi¬ 
cient reason, to be a renal organ. Its secretion is formed by the disin¬ 
tegration of cells proliferated from its epitheUum. 

The peripharyngeal band consists in Ciona of two ridges placed 
close together and encircling the pharj'nx at the hind end of the 



Fio Tho regloo of iha ^on*l taborcle and of th« aaUrtorood of ito<lor»*llAmiQA of o 

yoou Ciona inUAOicJu, fiont U Dortal tubercJo and portpIkAryo^iujJ band of 

Avidia, dlaeraninAtic titxshgcr). 4 / dortal lArnln* ; fb^ /6 aut«rk>r pcAtorftor 

tidtm of per^hAroygi^olband ; fa dcnal tubcfcle; fr groovo of Um per1p)iAnni«o«l bgod ; 
opltrmoehikJ groovo ; k$ gili'glitt; «wf oounl gUud ; rv lAnguoC of donol lomluA. 

prebranchial zone (Fig. 4, c). Of these the anterior is without 
cilia (F);.'. 6 A, fb^), while the posterior haa cilia on its front side. 
They enclose between tiiem a groove which may be called the 
peribrandiial groove. The anterior and smaller ridge forms a 
complete elide, whereas the posterior ridge is incomplete ven- 
trally, each side of it being continuous with the maiginal ciliated 
tract of the endostyle (Fig. 4, e). Dorsally the posterior ridge 
is deflected backwards and joins its fellow (Fig. 6). The space 
enclosed by this backwardly deflected part of the posterior ridge 
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.1 jb- j“7 “iSi'S 

firet languet of the dorsal lamina (Fig 6 ^). In i^^^nEth 

rnectXpart of the posterior ridge is of considerable length 

(Fig. 6 B),teaching to the anterior end of the dorsal 

to which it is continuous. In such coses the epibranchiol gro 

may bo very deep. It is lined by a ciliated epithehum similar 

to that of the peripharyngeal groove of which it is an extension. 



mi/s' 


Fio 7 .—TrmotTtM ecctSon ihruufih the eiiio«tyl« o( hj' tdif'-^rmu, 8>?nilJift0ram* 

matio {aft«r di tional . ms mtdiau and vt vtntrn) plhHiliUar tiand ; dfi dontal 

imarKmal) ; mfi medUD. tfi vaatr&l ^ihat^d band; m eu(Jodt*riii latorai pharynx; 

mds ntodian <thp oi tlagclltiad ctlU. 


In eoino forms tho interior a:4 woll fxs tho pogt*»ritir fave of Ike pe#i* 
pharyngeal furrow is ciliated. In Apprndiculoria and synaeti^aag 

(e g. Botrylixis) the |>oripharynpeHl bund consists of a single ciliated ridge 
only. 


The eDdostyle is a groove lined partly by glandular and partly 
by ciliated cellb extending tlie whole length of tlie median 
ventral wall of the pharynx (Fig. 3). It presents hut little 
variation of struclur.;. Ty^ueally it consists on each side of 
three bands of large glandular eeil.i, and uf thu-e bands of smaller 
ciliaW ceUs (Fig. 7). In the ventral middle line there ia a narrow 
band of small cella carrying long (lagella. Anteriorly and pos¬ 
teriorly the endostyle, excluding the marginal ciliated bands, 
is continued into small blind pockets of the pharynx (Fig. 3), of 
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which that at the posterior end is the largest. The marginal 
ciliated bands are continuous in front with the peripharyngeal 
band (posterior ridge, if both are present) and behind with 
the ciliated ridge or groove {retropharyngeal hand) which passes 
from the hin d end of the endostyle along t'^e median line of 
posterior wall of the pharynx to the opening of the oesophagus. 

The retropharyngeal band may be a single ciliated ridge continuetl back 
from one of the lips of the endostyle (most synascidians), or a single ndge 
formed by the fusion of both margins {MolgvXida^), or finally, aa in Cioixa, 
both lips may be continued back with a groove between them. 

The dorsal lamina is, in most monascidians and many synas* 
cidians, a fold of the dorsal pharyngeal wall containing blood 
sinuses and extending from the anterior end of the pharynx to 
the opening of the oesophagus. It may be continuous witli or 
separated from the peripharyngeal ridge (see above). The 
covering it are somewhat more columnar than those ove !-he 
lateral walls of the pharynx and are for the most part ciliated. 
In a few monascidians (e.g. Ciona) and some synascidians it 
the form of a series of isolated variously-shaped processes of tlu* 
dorsal wall, called languets (Fig. 3). These two forms of it are 
connected by a condition in which it consists of a continuous 
memVjrane carrying processes at intervals. The languets and 
the processes last mentioned occur at the dorsal ends of the 
transverse bars of the pharynx. The dorsal lamina, whotbor 
consisting of languets or of a lamella, is curved, generally to the 
riglit, so 08 to bound a groove leading to the oesophageal aper¬ 
ture. The posterior termination of the dorsal lamina varies 
considerably and is often difficult to determine. It usually 
seems to pass round the left side of the oesophageal opening and 
beepme continuous with the retropharyngeal band, or it gradu¬ 
ally dies away. 

The lateral walls of the pharynx have the form of a basket work, 
and are pierced by numerous, usually longitudinally elongated 
apertures, ]>Iacc<l in transverse rows. These are the giU-slUe or 
etignuita. They are usually distributed all over the lateral 
pharyngeal wall behind the peripharyngeal band, but are soine- 
times absent from its posterior part (Fig. 8). 

The number of transverse* rows of stigmata and the number 
of stigmata in a row are very variable, not only in different 
species but also in individuals of the same 3]}ecies. It would 
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appear that the number, both of rows and of stigmata in S 
row, increasee with the growth of the animal. Speaking 

generally, the number is 
smallest in the synascid- 
ians and largest in the 
monascidians. After full 
size has been attained and 
development completed, 
there is never less than 
three rows (species of 
Didemnum, Disioma, etc.), 
but in large specimens of 
Ciona intestinalis there 


no. B.—Braochui bMket o( Uptoehnum sdwardti. may be 250 rowB, and in 

(torn tho kit (Crom Sttliger alter Hordmao). • •n 

«# eDdoatyle; fr tnosTeM ban; ti sUI aiiU PfuiUuSUl mammUZoto AS 

fxiata). 

many as 500. The nam« 
ber of stigmata in a row may be as small as three {Distoma 
deeralum) and as many as 500 in large Bpecimens of PhaUuaia. 


The exact method of formation of new atigmata* ie disputed* It appears 
probable that in the larva a certain number of primary stigmata are 
formed Ofl perforations of the pharyngeal wall (three on each aide in Ciona 
according to Willej'), and that it is by the division of theeeend not by the 
foTiualKu of new perforationa that now stigmata are developed. 


Tlie stigmata open externally into the atrial cavity which 
surrounds the pharynx except in the ventral middle Une, and the 
epithelium lining them is ciliated. The 
walls of the pharynx between the trans¬ 
verse rows of stigmata may bo called 
transverse bars, and those between tlu' 
stigmata of a row the longitudinal bars. 

Both transverse and longitudinal bars 
contain blood sinuses,—the transverse and 
longitudinal vessels respectively. In many 
aaoidiana vascular papillae project from 
the transverse bars into the cavity of the —r**rtJonofthow 4 ijof 

pharynx. These may bifurcate at their 
ends and. extending up and down the 
pharyngeal wall, join similar branches of tir 

<flotn DekR« md H^iiard). 

• Willey,op*ctl.. Q.J.M.S.. 44 t i- 

P* 544* Daiuaa, oi> citV, iW ’ ^ f- “' Z-, 76,1904, 
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neighbouring papillae 
(Fig. 8). In this way 
internal longitudinal 
bars, connected to the 
transverse bars and 
extending the whole 
length of the pharynx, 
are often formed (Fig. 
9 A), At the pointa 

where the internal 
longitudinal bars are 
connected to the trans¬ 
verse bars, small papil¬ 
lae are often found 
projecting into the 
pharynx, and horizon¬ 
tal membranes are 
often present along 
the transverse bars, 
connecting these papil¬ 
lae (Figs. 10 and 11). 




Pios. Oand lO.^A Puriof pharynx of Alot/ia fromlnslUe. 
B Transverse section of the ssme. fr tfufwvcnic bar ; 
c4 connection of lotcrool tongitudinsi bar to tronsverv' 
bar Am horlsonial membrane ; ii inUrzuU iongitudiujJ 
bar; Iv fine longitudiaal bars; fr transverse bar , p. p' 
papiilas; stigma (from Herdenao). 


The stigmata vary much in form. They may be circular, oval, slit- 
like, or spirally coiled. Tlieir long axis is generally parallel to the long 
axis of the animal. In a few, e.g. Bolitnia eUgans^ Cynthia viUcfia, it is 
transverse. In a few deep-sea forms {CtiUolu^, BunguluA, Bathyotxcu^^ 
Pharyngodiciyon) the stigmata are large and square and there are no longi- 





Flo. tl.^Stmctare of pharyngeal wall of Ciono inttttinatU (from Vogt and Vwng) A fr''»m 
wrtblo. B irom ontam. o lotemal loDgltudlnal bar ; b tranaveriMS bar of the i\ni onU'r 
Cmi iraotversa bar of tha second ordf^r ; 3 papillae projecting InV^ cavity of phuryux 
tha iateroal lOQgttudlnsI bar: a traiu verse bar of the Uilrd order ; f, f stigruata. 
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ttidinal bars except the intemol longitudinal or what are identified m tl^ 
internal lon-ritudinal (Fig. 2U). This condition hus l«en interpreted os 
being due to the alworption of the fine longitudinal bars and parti^ 
confiuence of the stigmata of a row. It may however bo due to the simple 
enlargement of the stigmata, no internal longitudinal bars bemg 

Tho side wells of the pharynx are in some forms folded longitudinally 
and the number of folds varies in the different types. 

The function of these various organs would appear to be as 
follows. The glandular cells of the endostyle secrete a slimy 
mucous substance which is moved forwards by ciliary currents 
along the endostylar groove to the peripharyngeal band. Here 
it is reinforced by mucus secreted by the gland cells present in 
that organ, and kept in circular movement by ciliary action 
round the entrance to the pharynx. Wliile thus moving tho 
slime entangles within itself the minute organisms which enter 
the mouth in the respiratory current of water, and from time to 
time portions of it so charged become detached and pass down 
along the dorsal lamina to the oesophageal opening. The main 
body of water which enters the pharynx is thus deprived of its 
lloating cont#^nts and passed out through the gill-slits into tlie 
atrial cavity and out by the atrial aperture. 

It le possible that a lortain aniovint o{ slime from tho hind end of tho 
endostyh' buck direct to tho oe.^opha^us ulonfz; tuo rt'iropharyngcol 

band. It Ut\s also boon suggested that tho neural gland sooretos mucus 
which reinforces tho endostylar mucus at tho peripharyn'^eal band. 


The atrial cavity, or peribranchial cavity as it is som' times 
ciilhd, entirely surrounds that part '-f the phar^mx which is 
perforated by gill-slits e.xcept in tho middle ventral line and for a 
sliort distance at the anterior end of tho dorsal lamina (Fig. 12). 
It opens to the c.\terior by the atrial aperture and communicates 
with the pharynx by tho stigmata ; the anus and genital ducts 
also open into it. Its lining epithelium which ir ectodermal is 
closely applied to thf pharyngeal wall and is continuous through 
the gill-slits with the endoderm of the pharynx. Water con¬ 
tinually Hows into it through the gilhslits and passes out by the 
atrial aperture. It is traversed by vascular strands which' pass 
fiom the wall of the pharynx to th-' outer (mantle) wall, and it is 
developed as two dorso lateral invaginations of ectodenn which 
unite dnisally and extend laterally round the pharvnx a.s far as 
the on,lu.,vU.. The dorsal part .,f i, i, 

c-lo.ua. It rt ndo thia part that the anus and genital duels open 
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In most Tunicata the digestive organs are placed behind the 
pharynx and atrial cavity (Fig. 3). and the part of the body con¬ 
taining them is frequently called the abdomen, as opposed to 
the thorax or pharyngeal region. In monascidians, however, the 
pharynx extends the wliole length of the body and the digestive 



Fl<iM2 -Dlftir-am nhowlnj: thu ot Afeidft (utlrr nftrdniAti. Iron, reirlerj. A mouth; 

««niw b pUrynt. < • liinrt . ot h) iiUnd :c/iilrlal CAvlty ; /f e*»i»lent upw- 

turc e»t/'iiuich /(Jomal lu»*rclu (cilmlcd puj. 9 ph MihiieuroJ *)«Dd. UnUallcc ; m msnlle . 
WgMKll-D, orf B«n»Ul duct . pi. flUiBl cavity; rt UrmlnBl Bmpulloo o/the 

Uel.vcM. l8- T tunic or l«T.t. fp UnUrlcn . r<<ci»d<.8t>lnr vcwl. em blood-veaecU ol luantlo . 
vp v**cular’»truu4» cf'^Mlng ll»e Btrlnl cavity; rt hlooU-vcMeta of the Uet; f reclum. 


viscera are placed on one side of it, usually the loft (Fig. 12). 
They are embedded in the mantle and usually cause a projection 
into the atrial cavity. Ciona forms an exception to this rule. 

The digestive canal consists of oesophagus, stomach, intestine 
and rectum. It is twisted upon itself in various ways and ends 
by opening into the atrial cavity in the middle line either at 
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ita hind end or anteriorly. In the latter case the rectum is of 
considerable extent and lies along the dorsal wall of the pharynx 
adjacent to the dorsal lamina (Figs. 3 and 12). 

The oeeoph^us leaves the pliarynx dorsally, usually postero- 
dorsally, in the middle line at or near the end of the dorsal 
lamina. It passes into the dilated stomach, the other end of 
which is continued as the intestine which finally passes into the 
rectum. There is very generally present a gland which consists 
of fine colourless tubules ramifying over the stomach and intes¬ 
tine and opening into the pyloric end of the stomach or first part 
of the intestine ; it is called the -pyloric gland (hyaline organ). 
In a few forms {Molgtdidac, many Cynthiidae, etc.) glandular 
masses which have been compared to a liver, are found on the 
walls of the stomach. A longitudinal fold (typhlosole) of the 
intestinal wall, projecting into th& lumen of the intestine, is often 
present. The epithelium of the digestive tube is partly ciliated 
and partly glandular. 

The central nervous system consists of an elongated ganglion 
embedded in the mantle on the dorsal surface of the body be¬ 
tween the mouth and atrial aperture (Fig. 3, 14, Fig. 6, g). It 
gives off nerves from its front and hind ends. A median pos¬ 
terior nerve containing nerve cells is present in meuiy forms : it 
is called the visceral nerve and is supposed to be the posterior 
part of the nerve cord of the larva. The ganglion is soUd and 
consists of nerve fibres in the centre and nerve colls at the 
periphery. 

Sense organs. Organs of general sensation in the form of 
tactile hairs are always present. But except in Thaliacea and 
Appendiculariae, and possibly Pyrosoma, visual and auditory 
organs are not found. The red pigment spots placed between the 
lobes of the mouth and of the atrial aperture may however 
have some visual function. 

The ealps and Pyrosoma possess phosphorescent organs. 

The coelom of the Txinicata is not thoroughly understood. 
The general spaces and sinuses of the body are not coelomic but 
vascular (hoemocoelic). They are frequently spoken of as con¬ 
stituting the primary body-cavity and as being a persistent part 
of the segmentation cavity of the early embryo. In our opinion 
however this nomenclature is misleading and as a matter of 
fact the reputed embryonic derivation on which the terminology 
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is based docs not occur. The vascular space in Tunicatcs as 
in other forms is a space in the so-called mesodermal tissues of 
the body. As it frequently appears before the mesoderm is 
extensively developed, it seems to lie between ectoderni and 
endoderm and to be bounded by tliese layers, and in this 
respect has the relations of the segmentation cavity or blasto- 
coel. But it is not derived from the blastocoel, wliich closes 
up by the coming together of the ectoderm and endoderm on 
the completion of the gastrula invagination. 

Excluding the generative organs, which will be dealt with 
below, it would appear that the only possible representatives of 
the coelom are the pericardium and the epicardium. The 
pericardium is a closed epithelial sac found in all or almc^t 
all Tunicates in the neighbourhood of the stomach and not far 
from the hind end of the endostyle. It is developed in the 
embryo, in some forms at any rate, as a diverticulum of the 
epicardium (see below). One side of it, generally the dorsal, is 
invaginated upon the rest much as a blastosphere is invaginated 
to form a gastrula. The space enclosed by the invaginated wall 
and corresponding to the cavity of the gastrula is the h^art. 
As the aperture of invagination never completely closes, the cavity 
of the heart communicates, generally at its two ends, with the 
baemocoelic spaces of the body. The contraction of the heart 
is effected by the invaginated wall which acquires cross-striated 
contractile fibres on that side of it turned Uiwards its cavity ; 
the inner side, i.e. the side turned towards the pericardial cavity 
remaining epithelial. It results from this mode of origin that the 
heart is without an endothelial lining. 

The epicardium is usually found only in the budding forms. 
It opens into the pharynx by a median opening just bcliiiui the 
endostyle, or by two openings, one on each side of tlu middle 
line between the end of the endostyle and the oeso}ihagu8. 
It passes backwards and extends into tlio abdomen {Clave- 
linidae, PohrXtnidae. DisUrniidae), wliere it is closely applied to 
the dorsal wall of the pericardium, forming indeed, when tlus 
is invaginated. the actual dorsal wall of the heart. In these 
forms it has been shown that the pericardium is actually develuiH-d 
from it, and it always extends into the stolon and gives rise to 
an important constituent of the buds. In Pyrunoma and the 
Thaliacea it has not this close connexion with the pericardium 
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but extonda »8 a single tube into the budding stolon. The 
identification of this pharyngeal diverticulum with the coelom 
rests upon the assumption that the pericardium is coelomic, 
and upon its structure and developmental relations to the peri¬ 
cardium and pharynx in the Clavelinidae, Polydinidae, and 
Distomidae. In Ciona an epicardiuni ifi present. It has the 
form of a i)erivi8ceral cavity in relation with the digestive 
viscera and communicates witli the pharynx hy two openings 
placed one on ejvch side of the retropharyngeal groove • (p. 9). 
It i.^ indeed a completely double structure and develops as such 
from the hind end of the pharynx. It appears that in Ciona 
the pericardium does not develop from this cavity f as it does 
in Clavilinidae and some other synasridians. So far as is known 
Ciona is the only Tunicate with anytiiing corre.sponding to the 
coelomic body-cavity of other grm>p.‘5, and it is apparently the 
(.mlv monascidian in whi(di the cpicardium is developed. It is 
pOH.-iiblo however that with the extension of our knowledge both 


these tentative statements may be shown to be erroneous. 

Vascular System. Tlicre appears to be a certain number of 
main blood channels, but the greater part of the circulation takes 
place in irregular sinus-like spacu.s in tho mesoderm wlucb are 
said to he without definite walls. Tl\e heart is a simple sac or 
tube formed as abf.«ve described by infolding of the wall of one 
side "f the pcricardiufn. In Apjtcndicufariae {see p. 04) there is 
hardly any infolding, and the heart is little more than a contractile 
niciuliiane. In other fonns the infolding is considerable, and 
the opetiing of invagination is closed, except at the two ends 
when- it remains open, either by union of its lips or by 
the cl >' < ly ajiposed epicardium. The heart, like the vascular 
chaMUfls of the body, appears to be without endothelial 
lining, and its walls contain cr>»ss-3tripcd muscular fibres. It 
varies considerably in po.-ilion ; it is generally placed near 

tlie stoTii/K h not far from the hind end of the endostvle. In the 
P'llychni' 
anfl lies 

stoii;ach (Fig. 3). 


/'ic it is in the poslal.domen. In Ciona it is V-sliaped 
in the intestinal loop somewhat to the liglit of the 


EK,' h end of the heart 
The one of thcr.e » \icnd? 


is continuous with a blood- li uuiel. 
on the ventral side of the pharvnx 


t 


3S. iHU», p. t|9 

Do Selji. i.onKchampa, Areh. Biol.. 17, 1901, p. 499 . 
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beneath the endostyle, giving off near its origin a branch to the 
test (Fig. 12). The other after giving off a branch to the test, which 
accompanies the branch from the endostylar vcs.scl, is di-'^tributed 
to the digestive viscera, gonads and body wall. Tlie endo- 
stylar vessel communicates with the sinuses in the pharyngeal 
wall and these again with a dorsal vessel running along the 
dorsal lamina. This posteriorly is distributed to the viscera and 
body wall, whence the blood is returned to the posterior end of 
the heart. It is a peculiarity very generally obsen'able in 
Tunicata that the heart contracts a certain number of times in 
one direction and then a similar number of times in the opposite 
direction. Thus for a certain number of beats it acts as a 
respiratory heart diiving the blood to the re'^piratory organs 
and thence to the system. It then reverses its action and becomc.s 
a systemic heart driving the blood tirst to the system and thence 
to the respiratory organs.* 

Tlie blood is colourless and contains nucleated corpM.'iclf’S. 
Tliese are generall 3 ’ colourless and amoeboid, but some of tbein 
generally contain pigment, either yellow, red, brown or blur*. 

In the liotnjllUlat Uio toiminal of tho ure 

into umptilla-likc nacd which tiave rhythmkally contrActtlr* vvallr$ ar)>i 
in the circulation of the ool<*ny. 

The renal oigans t are but little understood and appear to 
have no relation with the coelom. The only structures to winch 
a renal function lias been ascribed are some vesicular bodies 
<ontaining coucreti*)!!.^ of urie acid and other substances, and 
placed in the isalls of tlie intestine, in the mantle and sometimes 
in other plarv?s. These stiiictures which have not been found 
in all Tunicates are without a duct; so that tho excretory 
matters cannot escape. In the Molgxdidat' there is a large 
saccular body of this nature on the right side of tho body. It 
has been suggested that thr* neural gland plays a part in renal 
excretion. 

Reproductive Organs. Tlu' Tunicata are with very tew 
exccption-j (e.g, Oiko/jlfMrn dicfiia) h«Tmaphruditc. and as a 
general rule the female organ ripens fin=»t. So far as can be 
ascertained the gonads have no relations with tho coelom, eitlier 
development ally or otherwise. 1'he glands ait? continuous with 

* Schultzo, Jena ZtiUth., 35, p. 221. 

t Dahlgriiri. Arch. /. rnik. AnaL iUOl, p. 008. 
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their ducts, the terminal parts of which are usually single and 

open into the atrinl cavity. The ovaries and testes are generally 

placid near one another and contained edher amon^t or neai 

the digestive viscera or in the mant le wall. In t le o yc tn 

they are in the post abdomen. In r,Vma (Fig. 13) the testis is 

a branched gland ramifying on the wall of the intestine between 

the pylorus and the rectum. Us tubules gradually collect 

into one main duct, which accompanies the rectum and opens 

into the atrium in front of the anus by several oixuiings, the walU 

of which contain a red pigment, con.sisting of ivd nmal vesicles 

of the kind referred to above. The ovary is a rouii.led mass 

placed in the intestinal loop, and the oviduct accompanies the 

viis ci'-ferens to open close by it, far forward into the atrium. 

The gonads arise frrun a common 

nies'HU-rmal rudiment. Tn thesynas- 

cidians they do not as a nil-- nj^pear 

in the zooid w’hich develops fr<im 

the egg. and they may be ab.scut 

from the first-f«)rmcd gi*niTation of 

budded /.t)oids {fj 'trtj lii-'f, etc ). 

Keprodiictioii b\' l-uilditig oc«-urs 

in a lavci* number f*f I'unicala 

SiMticlintc't. i»i tlm »' ii. 1 ub.ms, 

tbo buddcil imJividu.il i cm- 

licdtbMl i*i a »-»cKnc'n with 

the paiiCl ; as in 

'(haluici-a. th*-'.' In ;«imc c\ cntuall\ a.icl lead tor a 

tunc an iiidi*p»-!ntcnl cxwtc u<'c. In tlic latter casi- the life 

lii.'tory is c<)inj»li ated b\- ih.* pin n-'iin-non nf allcrnation c»f 

generations of the variety l ueMiv^'-nem.i •, for the indi- 

viduaU winch bnd prv><'ei(t fioin ila e-.'e .md dn nut i.levelop 

organs. IbidfUn/ d'-e-: out « in tic Iffiu H'liculuriac 

« 

and moiKvscidi.vns. i- ;il -.:i' < X' . p’lti.: Botirfllu.s the budding 

it-* clTccved by the division of a viniti.dly placed process of the 
Ijody < allod tin stolou. The stiih.ii contains a divertieulnni of 
like pharynx known as the cpiLardlum and g-ven otT ’ ctween the 
end ' i>h; and the oesophageal openingfp If.), The st<*lon also con- 
lakti:^ an extension of the uicsodi. unal and va.seular lissuv^ of the 
pat‘ ;a For a more detailed account of the phcnonicium and 
•f tl •. origkn of the organs in the hud, we must refot the loiuler 



Fn. 1.' 


IriU-.»ii»Al loop ftnil 

41 'i.it.l *‘toll I t:*f<*i* 

ft I U'dii atiil > 

•t '• . f. Ml Mnrt , e V ,v» Ji’f- 

• roll .f t**ftirMlar Inin's rutoi* 

U I'wp j/mrtuiti. 
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to the accounts given below under each famfly or order. Here 
we will only remark that there is considerable variability in the 
mode of formation of the organs. The pharynx, atrium, diges¬ 
tive organs and pericardium are usually derived from the e])i- 
cardial process of the pharynx, while the ganglion in the 
synascidians usually develops from the endoderm, but it may 
arise from the mesoderm (PyTosoma) or from the ectoderm 
(Thaliacea). In the Botryllidae the endoderm of the parent 
does not participate in the budding process. 

Development. In most monascidians (except Cynthia, etc.) 
the eggs are fertilised in the sea or in the atrium and undergo 
their whole development outside the body of the parent. This 
is also the case in Doliolum and in the Appendicnlariae. In the 
synascidians on the other band the early d«»volopment usually 
takes place in the atrial cavity or in incubatory pouches of it. 
In the salpa the egg undergoes its early development in tlio 
ovary ; in the later stage.s it emerges into the atrial cavity hut 
remains connected with the parent by the phw^enta. 


Tho are frequently laid in tlioir follicle, which is somewhat com- 
ph.;ated. It is formed of two layers (Fig. 14), tho outer of which consists 
of vacuoU'ted cells ; those are prolonged into pu^i)iiliw., und help to 
the egg in tho eea. The inner layer consiate of folliole-cellH which havo 
migrated inwskrds, and are called the test-celh because formerly they wore 
supposed to give rise to tho tt«t of the adult. Tlio two layers are separ¬ 


ated by a structureless chorion. 

The development generally 
leads to tho formation of a 
free-swimming tailed larva, 
the tadpole larva, by means of 
which the speciee is distributed 
over a wider area. The tad¬ 
pole larva is nearly always 
formed in tho monascidians 
(it is absent in some species of 
Molgula) and in the eynas- 
cidians (absent in Pyrosema). 
It is also found in Ualiolum, 
but not in the salps. 



{TiQ, 14.—Mftturo egg from iheoviduet of Cienn 
xnUttinaiu (After KupfTer). e foUlcle ceiU 

; d chorloo ; e teet-cclla ; 
/ ovum ; X geUllnoud autwUbcc. 

however licher in yolk, 
moroblastio. 


The eggs usually have but 
little yolk. In the synascidians they are 
and in Pyroeoma the cleavage is actually 
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Development of (he tadpole larva. The segmentation is 
complete and leads to the formation of a blaatosphero, from 
wliich the gastrula arises hy invagination. The gastruto 



Pl6, W —t>«Teloprv>fkt PSuUlmfia m^mmtVa/rx (Aitof KowaJ^vsky troifi Clitttai) a Coro* 

a MDcmteni of iDVA^in^clon ; / h clcavity. l» tlaatriUa with Ma4U*'sx»re 6 * tk riidh 
n»Ql ol notcKbord ; ^ududernu c l^t^r ; Bk ectodi^mt; y ni iinieot^f nourvl* 
CJtO^\ ^ * * ■* ' ^ . 

Uil 

motwloi 


i\; Bd' .“adtxlpr.ii r.; future Vtll reak-n. d SUge with b<vly nu.l t<(ll; Ed' eaa<r<tem> ol 
W mu^ulM eclln In UIV r Juat-iiivU:hed !«".•« ; 4 n>v ; » U«>d corrusolM ; D wwn- 
«lDi mtertlne; Kd rn-ios-tyl '. r .n-n.np ol cerebral v«‘9iile Into tn.mth ; <Vft cerebral 
»r4»?a wUh olohMv T'rtiJwltnj: Ire, tls ttr-ir; IIj, papUU lor attachment; Ki one of Wr* ntrUl 
lii^(rir.niion» , o ro juth ; rh |.ii_r>n* ; Pj anterior cllltia of fw^t-cerebral nsal.m of nerra 
..bo_ r<nt po,l;*rlof pert o / I’-o day, |ar%a. only the aatcri^^^? o.rt 


Ui1 i% ccpr««cntcd ; 2 tt, 2 kf t»vrr*ki.ni 

UatiiM 


oiy the ftntemr p«rt of Mit 
Bb 1‘tcrod sloui betw^o t*Jeiu * D io* 


ekmgates m the iuture antci-.-in-iUrior axis and the blastopore 
oome^ to lie on the postenoi end oi the doreal surface (Fig. 

16 ft) A dat mediuii groove of ectoderm apjieara along thJ 
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dorsal side of the already hilateraUy symmetrical embryo 
extending from the blastopore forwards. This groove, into the 
hind end of which the blastopore opens, is the first rudiment of 
the central nervous system. It is known as the medul ary 
groove. Its edges project and form the medullary folik which 
grow round and close the narrow blestopore, and graduaUy unite 
with one another from this point forward in such a manner m to 
convert the groove into a canal, the walls of which separate from 
the external ectoderm and give rise to the central nervous system. 
This canal is the medullary canal; behind it is shut off from the 
exterior, but communicates with the cavity of the gastrula by 
way of the blafltopore which is now called the neurentenc canal , 
while in front it remains open for some time, but eventu v 
closes. Before these changes are completed, the medio-doi^a 
endoderm cells of tliat part of the gastric waU which immediately’ 
underUes the posterior part of the neural canal (Fig. 15. c and d, 
Ch) become different from the remaining endoderm cells and 
constitute the first rudiment of the notochord. MeanwhUe the 
latero-doreal endoderm, on each side of the notochord, has 
separated off the ln(•so(^enn as a .solid * plate of cells 
(Fig. 16. ms). These, in the trunk. iaU-r become converted into 

a mtieiichyme, occupying the space 
which now makes its appearance be¬ 
tween the ectoderm and endoderm. 
and give rise t the blood-corpusjliv>. 
mUBculature, genital, and excrelr^y 
organs of tlie body, while the caudal 
part becomes the musculature of the 
tail. T 1>0 distinction between the 
oaudal and trunk I'egion of the et»i- 
bryo* is no%v very apparent. The 
notochord is confined to the tail. 

The caudal part of the enteron he- 
eomes solid (Fig. l5d,Ed ). though 
•till remaining continuous with the 
DMdullary tulx*. round the hind end 
0f the notochord. Eventually it 
disuiipears, apparently giving rise to bhmd coiiiuu'. le^. 

• AceorAMg to vn Bencden and Julin there ia at Ur.t an enteric pro 
iongation in tUo front purl of thU- 


r ‘ 



Fio. IC. -lrAiJ.' fJifoupli 

HU v. 

afjil Juhn, from Kor«fJK*lt 

un i ch rudiment 

cli tutl'nli fni. 

iri MuHv) f'Mdi n incdulUry 
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The anterior part of the enteron dilates and constitutes the 
rudiment of the pharynx (Fig. 16, Ph), from the hind end of which 
the intestine is developed as an outgrowth (7>). In the further 
course of development the tail becomes greatly elongated and 
curved ventrally on the trunk (Fig. 16 e), and some ectodermal 
papillae are formed at the anterior end of the body for the 
future attachment of the larva (Hp). The anterior end of the 
medullary tube becomes dilated into the cerebral vesicle, in the 
wall of which two sensory structures -the eye and auditory 
organ—arc developed (Fig. 16 f, Qb). The part of the medidlary 
tube immetliately behind this acquires thickened walls and is 
called the trunk ganglitm (/?{/). This is followed by the narrow 
caudal extension of the tube which ultimately disappears. The 
mouth is formed as a perforation on the dorsal surface of the 
front onH and the cerebral vesicle acquires an opening into the 
anterior part of the alimentary canal (Fig. 15 /, o). The atrium 
arises as two durso-lateral invaginations of ectoderm {kl) into the 
left of which the anus opens. The atrial invaginations spread 
laterally round the pliarynx but remain separate ventrally ; 
dorsally they coalesce, so that the single atrial aperture arises. 
The gill-slits or hi-anchial stigmata uriae n.s a pair of perforations 
of the wall separating the atria! caviv}’ rr*)m ihe pharvnx. They 
subsequently bci ome mere rmmerons, pni. .!\ by formation of new 
perfoititiops and partly by di\d 6 Jon <»f those already e.;L<liiig. 
The endostylo arises ai’ a groove on the anterior (Will ,) or 
antero-ventral wall of the pharynix, hut 6 uh.'«;qo*’ntl 3 ', as a eon- 
eequonce of the rotation which the hotly vuideigot's at the meta¬ 
morphosis (Fig, 18), becomes entirely venu'al. 

The vicvjlopnieot of the cpicardium, wliich as we have seen 
above u probably to be regarded as the coelom of the animal, 
seems to take place in different ways in different forms In 
fW it arises from the liind end of the phar^'ruv as two (icula 
wmch remam separate throughout, life and invest the digestive 
viscera like a perivisceral cavity, in Chivelitui (Fig. 17 ~ p\ it 
appear, to anso tus a single divertioulimx of the pharynx between 
he end of the endostyle and tbo oesophagus, the fj-.,nt end of 
which becomes double. In some cases however it is apparently 
dekmmatod from the pliarynx and is at first aohd. The peri- 
^r^im m a great numlier of cases, if not universally, is nipped 
off from the epicardium either from its pusierior unpaired pon^^a 


23 


DBVBUJPMENT OF GANGLION AND NEURAL GLAND. 

or from one of ita anterior limbs. The heart arises as an in¬ 
vagination of the doraal waU of the pericardium (Fig. 17. pc). 
The tunic is laid down as a cuticular excretion of the ectoderm, 
and the larva is hatched. After a few hours of free life, during 
which it swims by the movement of its tail, it attaches itself by 
the three anterior ectodermal papillae ana the tail shrinks up to 
a stump and atrophies (Fig. 18). The cerebral vesicle largely 
breaks down. The dorsal part of it whidi communicates with 
the pharynx by the new neuropore persist.s and gives rise to the 
neural gland. The dorsal wall of this thickens and forms the 



' ‘ I 

ep^ pc 


fio. 17.—Ufl bMo vlf^w of A C/awJitia embryo (nfUi Setiigtr from Korsrbclt nml HeWrr 
tfu eye ; eA notoclioM ; t atrial aperture ; rectum ; ep cpicardiaioutcrowm [I 

€s cndtwtyJc : / roldlriR oi tUo bwly eurfacc in anticipatli>i> oi U»o ion that fako 
pUc« after ftxation ; /a duct of neural alnml ; A adhering f'apijlne ; t iiioiitU ; irt ^! 
m atoniach ; wi/ niUKcle celU of Ibc tall ; ; oi auditory orp{uii ; 7 ^GinaicA y , 

pe p«f1c*rdfum ; $ larval taU ; cerebral vciidc. 

ganglion of the adult. If this account is correct it follows that 
the neural gland is a part of the original cerebral vesicle. It 
has been compared to the hypojihysis (pituitary body) of the 
Vertebrata ; but it differs from this in the fact that it is, in its 
origin, actually a part of the embryonic brain, wliich the pit¬ 
uitary body never is. The trunk ganglion becomes solid and 
persists as the visceral nerve. At the same lime the fixed larva 
undergoes a peculiar change which is illustrated in the annexed 
diagram (Fig. 18). The mouth which was close to the point of 
attachment becomes displaced to the opposite end, and the 
original hind end becomes placed close to the point of attach¬ 
ment. In a few monoscidians {Culeolus, etc.) this change does 
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Fic. I«.—T>i*STam murtrxvtln* Ujo rnfUmnrphcwls ol the l»r\-a of • » 

ftiation (from Kc.ni.'..flt art.l Hoidrr. after r) A 

WlH»o;#j»«r.lcard»t»ni ;«*endi»tvle; / ectodermal fold rtXet of neur*M * ' 'jf ** 

k l«Art ; Av •dhesKe papillae ; i mouth : k, loll-.liu • » atrl\l ** •.*' SanpUoD 

• partition wall ol .u.lon ; rt cewbrai vratcU : m wt ceilSoll V 

m larval taU deffeoeratla^ ccuuioae tiMus of taU ; «f atolo ptoUfer 
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not'take place, the animal remaining throughout life attached 
by a stalk which arises close to the mouth (Fig. 19, 2). 

The following classification has been adopted :— 

Order 1. Ascidiacea. 

Tribe 1. Aacidiae sim^liceSf Monascldla. 

,, 2. Aacidiae compoaitae, Synascidia. 

„ 3. Aacidiae salpaeformes, Ascldlae Luclae. 

Order 2. Thaliacea. 

Sub-order 1. Hemimyaria, Salpida. 

„ 2. Cyclomyaria, Doliolida. 

Order 3. Appendiculariae (Perennichordata, Larvacea, Cope- 

lata). 

Order 1. Ascidiacea (Tethyodea). 

Fixed or free-aivimming, aolitary or colonial Tunicata, U'hirh in 
the adult are never provided with a tail and have no trace of a 
-notochord. The jree-aunmming forms are colonics and the aolitary 
forms are fixed. 

The test is permanent and well developed ; as a rule it increa.se.s 
with the age of the animal.' The musculature of the inuntlo is 
in the form of an irregular network, there being no regular circu¬ 
lar bands. The pharynx is large and well developed. Its 
walla are perforated by numerous apertures opening into a 
single atrial (peribranchial) cavity, into which the anus opens 
and which communicates with the exterior by an atrial aj)erture. 
The colonial forms reproduce by gemmation, and in nitwt the 
sexually produced embryo develops into a tailed larva. 'TIjo 
order is divided into three groups, the Aacidiae Simplices, tho 
Aacidiae Compoaitae and the Aacidiae Salpaeformes. 

Tlicue throo groups can only bo rogarclecl us tribes, for they aro closely 
intorrelntod, and are distinguished, tho two first i>y tho f>r4‘>«!nco or Hlim^nco 
of the power of bud'ling and tho Inst by being fr««-swiiiiining. Jf other 
and more general anutomicnl characters were taken, (piito a different 
grouping of the families wouUI be obtained, and there can bo no <{iication 
that somo of tho farnilios of synascidiuns aro inoro «-loHoly rolatod to ror- 
iain families of thomonuscidians than to each other. Hut if »n thf> grouping 
of tho families account were taken of these facts it is <lirtL<-ult to say that 
a inuro natural system of classification would be obtained ; cr'isa-relation- 
ships between tho groups coruititutod would still exist, and would by 
many bo considered to bo of eufiiciont iinportanco to justify a different 
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phylum tuntcata (urochorda). 

grouping, BO that it seems best to adopt a plan which has at leaat the men* 
of being simple and easy of application. 


Tribe 1. Ascidiae Simplioes (Monascidia). 

Solitary usually fixed forms, incapable of budding in Vte adult 
state ; with large pharynx, and nuTuerous branchial stigmata. 

These are the typical sea-squirts. They are solitary forms, 
usually of considerable size and attached by their tunics to rocks 
and sea-weeds. A few however, e.g. Molgula, are not attached 
save to grains of sand by processes of the test, and in a few 
stalked forms the stalk arises from near the mouth {Boltenia, 
Culeolus, Fig. 19). The tunic is usually somewhat thick and 
opaque and may have a cartilaginous consistency. When touched 
they frequently discharge two streams of water which proceed 
from the two openings, the one, the mouth or inholent opening 
which is terminal and at the free end, the other the cloacal or 
atrial aperture, which is placed on the dorsal surface a little 
distance from the free end. The protective covering of mud or 
sand is generally associated with fibrous processes of the test 
{Molgulidae, Polycarpa molguloidcs, Ascidia conchtlega), but in 
some coses the sand adheres directly to the test. 

In Culeolus, Fungvlus and Bathyoncus, abyssal forms belonging 
to different Bub-familiea of the Cynihiidae, the pharj'nx presents 
the remarkable modification of being without the fine longitu¬ 
dinal bars (Fig. 20). The dorsol lamina varies from the con¬ 
dition of a membrane to that of a series of languets ; an inter¬ 
mediate condition of a toothed membrane being found. 

The viscera are placed in the body-wall at the level of the 
hinder part of the pharynx (except iu Oiana), usually on the 
left side. They project into the atrial cavity, sometimes being 
attached to its wall by a mesentery. The atrial cavity is always 
traversed by vascular strands passing from the pharjuix wall to 
the mantle wall. The vascular system is well developed, the 
sinuses sometimes having the aspect of vessels. There is usually 
a tailed larva. 


Fam. \ Asctdlldae. Usually aeasile. nu-ely pedimculated; mouth 
upuftlly w.th R olxa. otrial apert»,re with fi ; phurynpeai wall without foldB. 

JT r”? ; stigmata straight 

curved ; tonlorlea unbranched ; gonads placed in the biU-stinal loop Ciona 

approximates to Chivelinidao by tha position o£ its viecer^ and the 
preeance of -i - r ic .(• ■ /pp. 15 , 371 . iscera ana tne 
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Pharynx txnth internal longitudinal bare and straight stigmata, viscera on 
the left side of pharynx, dorsal lamina as a membrane. 

Ascidia L. (Figs. 

2 ^ 12 ), teat soft, A. 
mtnUda O.F.M.; 

Phallusia Sav., P. 
mammiilata Cuv., 
pharynx rec ur ved 
on itself poatoriorly 
on the loft side. 

Seas of Eur.; 

Packylaena Herd., 
test hard. 

Pharynx as 
above, dornat lamina 
as langueis^. 

C iona F 1 e in . 

(Figs. 1 , 3 , i, 8 A, 

M, 13 , 14 ), viscera 
posterior to phur* 
ynx, tunic gelatin¬ 
ous, renal colls 
grouped near the 
generative orifice, 

C. inUstinnlis L. 
moBt seas. Jihodo- 
6 oma Ehrenberg 
{Ohev rtuliue L.- 
Doth.) (Fig. 19 ), 
teat f<ilUod at the 
anterior end so as 
to form a kind of 
bivalve opcrcrulufn 
covering tho mouth 
and atrial opening, 
viscera on right 
side, Med. Abyseas- 
cidia Herd., at¬ 
tached by ventral 
surfetco, apertures 
far apart, <leep-8oa, 

2,000 to 2,000 fms., 
viscera on either 

Huhfr nr \n1t ftidft ol FlO. 19.—1. iAnuuHa) iotetuAS. Iroro thn right i 

ngnt or ioi& siuo 4 *trUl fx>rc, Z/ at Iheeu'l ol p»i»lllilr»rin prouinimvew. 

pharvnx^ Ti, Ti ,ai.r BUriientAry csua) : A Uver ; T f**pr<.JuitivoglArMhi. 

pHi r » tntih 2. liolUnia ovifurmis n 3. llAoSoioma {Churrutmt) k 3 : 

i-nu jisji , , a luouUi; n garigJJon; o strtsl aperture ; v operculum (from Perrier). 

internal Umgttudinal 

bars, curved stigmata and viscera on right side of pharynx, dorsal ia^nina 
as Uinguets. 

CoreUa Aid. and Hon., test soft, seas of Eur,, Japan ete. Ohelyosoma Brod. 
and 8ow,, test modided into homy plates. Corynasetdia Herd., as above, 
but with viscera dorsal to pharynx and a stalk, deep sou, 1,000 to 2,000 
flAiS. 



Bide (nnt. 
mlueikcae. 
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PWynx mihout irUcmal longiuMnal b<^.. 
dfnal ^ina as a membrane, viscera on dorsal edge of pharyM. 
^Hypobythius Moseley, stalked, test thickened m places to form plates, 

^°Fom^2 "^^Cynthildae. Usually attached, rarely free, sometimes pedun- 
ol "i mouth aperture usually 4 -lobod. atrial 4 -lob^ ; pharyngeal watf 
longitudinally folded, internal longitudinal bars without papillae, stlg 



Fio 20 —A Portion of the flmryngesl wail of BalhyOTtcu* mirah/is. IS of Cuieo^ua trvr«/«- 
Otomtoni (fr>in Bronn. after Herdman). ii Inner longitudinal har ; if folds of pharyngeal 
wall ; it pharyageul apertures ; Ig longitudinal bars ; tr transverse bare. 


mata straight ; tentacles simple or branched ; intestine on the left side, 
only slightly or not «t all attached to th«' nmntle ; gonads on the inner 
surface of the innntlu, eithci on both sides or on one only. In the genera 
C«feo/u9. Cystinyia and F»ngidu«, etc., the stignmtn arc large and quad¬ 
rangular, unil fine longitudinal bars are supposed to be absent (Fig. 20 ). 
It is dou>»tfMl however if this interpretation is correct (see p. 12). 



Suli-fum. 1 . BoUeninae. Phar>’nx with more thuti 4 folds on each 
sitlc ; tentacles oompoxmd ; body on a long stalk. Bohenia Sav. (Fig. 
19 ), pharynx wall with the fine longitudinal bare, stalk arises on 
ventral euifa<-e near mouth, N. Atlantic, .Australasia, Arctic. Cys- 
tuiyia MacLeuy, the transverse and longitudinal hors of the pharynx 
form a loose nieah'aork, fine lungitudiual bars absent. Arctic. Fun- 
flidua Herd., pharyngeal walls with square tneshes, no line longitudinal 
bars, stalk short and thick, dorsal lamina as a membrane, abyasal 
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forms CuUolua Herd., without fino loneitudinal bars (Fir. 20), stalk 
lone and thin, dorsal lamina as languots. calcareous spic'nles in the con- 
nectivo tissues in tl.o tvalls of tho endostyle, pharynx, tentacles, 

etc., abyssftl forms. 

Sub-fttm. 2. Cyn- 
thllnae. Sessile or sliort- 

ly pedunculate il, 

pharynx witl> more than 
4 folds on each side 
(except Forbe^clla ) p 
tentacles b r o n o h o d . 

Microcosrniis Holier. 

Jihobdocytithici Hcril., 

Bpirulos in the tunic 
on<l connective 
tissues, S. 
henns p li o r o . 

Cynthia Sixv., 

Bpiculos in tho 
test, mantle 
and pharyoN, 
in most sca». 
r o r h CA€ I In 
Herd., phar¬ 
ynx Nsith 
f.Jds on earh 
eidf, Kur. 

Suhfarn. 3. 

Styelinae. Sisailc, 
rarely i n c r u«t<*d 
with Huiid ; plwiryiiN 
with 4 or lo^s timn 
4 folds on each hU\o ; 
t e n t It c 1 o H u n • 
branched, dov'elop* 
nicnt uHually in an 
incubatory cIoqcuI 
pouclr ft 

Sluitor, pharynx 
und alimentary 
canal abttc-at (W ilh^y 
1)418 siiown that this 
in duo to uviHcera* 

• ionn, Q J.M.S.p 31^, 
p 145). Malay Arch 
/'r lonaia F o rhea 
an ' CJoodwir, with- 

Lc«y, Oi .dZu. 8ti...p , Polyc<.r,^ Helk-r, covcr«d w.ll. 










Fii JJ-./tf-i'a ro.f'.nw- 1 


t,..Dulhl*;re) 
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sand rarely pedunoolsted, pharynx with 4 or leas than 4 folds on 
each side, gonads in the form of a number of small separate m a as M 
eoattered over the inner surface of the mantle, calcareous spicules in 
connective tissue of the mantle, most seas. 

Fam. 3. MolguHdae. Usually free, sometimes fixed, rarely 
stalked ; test usually covered with sand adherent to long, hair-like 
processes of the teat (Fig. 21); mouth 6-lobed, atrial aperture 4-lobed ; 
dorsal tubercle extremely variable, being circular, slightly spiral, and 
largely spiral within the limits of a single genus ; pharynx wall usually 
longitudinally folded* (&>7 folds on each side), internal longitudinal 
bors without papillae, stigmata more or lees curved, usually arranged 
in spirals (Fig. 22); tentacles usually much branched, of two or three 
regularly alternated sizes; intestine attached to inner surface of 
mantle on left side ; renal organs aggregated in a sac upon the right 
Bide : gonads on inner surface of mantle, usually paired (Fig. 22); 
larvae anurous in a few speciee. 

Mol{juUt Forbes (Fig. 19), apertures not laciniated, pharynx with 
6 or 7 folds, most seas. AnureUa L.-I>uthiers, very similar, larvae 
anurous. Oymnocyttis Giord. Pera Stimpson, pharynx with 6 folds, 
Atlantic and Arctic. Aaeopera Herd., stigmata not in spirals, lobes 
of the apertures plain, abyssal, test without processes, stalked, Ker¬ 
guelen. Cianieella L.-Duthiers, aperturee laciniated, Med. Eugyra 
Al'lcr and Hancock, pharynx not folded, but with saccular diverti¬ 
cula in longitudinal rows, gonads unpaired, most seas. Paramolgula 
Tnoifltcdt, pharynx-without folds, stigmata spirally coiled ond in in- 
funrlihula, gonads paired. Boatrichohmnehua Traustedt ; Oamasiar 
Pizi'n. Oligo/rema Botu-ne, New Britain. 


Tribe 2. Asoidiae Compositae (Sykasoxdia) f 

Fixrd (except Ooe/ocormus) colonial forms, the indivuluoU of 

which reproduce by gemmation and are embedded in a common 
test (except Clavdinidae). 

The embryos usuaUy undergo their development in the atrial 
cavity or in a special incubatory pouch which they do not leave 
until they have developed into the tailed larva. 


inTh f * Colony usually thin and encrusting, sometimes 

in tho form of thick fleshy mossos ; zooids arronged in systems (Fig 23) 
oiroiilar or elliptical or in branching Unee, the zooids of a system oiSnini 
into one common cloaca ; common cloacal openings distinct usually iTbed® 

„t th. colony ; .ntcins on lh„ loft .ido of tho pfotorior port of 

'p^o^VY"'?! 

(7)! 14, 1B93.'" iVof. 

Compi lg» 3 . jd.. Etudes biologiqu^ .I^iplosoinides, 

fix^, Suit. Soc. Quest France, 10, 1900 Hiort TT f'oloniaux 

cydu. der 4u«mmongo«,tr.on A;cidi». 
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the pharynx ; test usually soft, with numerous vessels ending in terminal 
knobs and joined to the body of each zooid at two points : pharynx large 
with 3 internal longitudinal bars on each side and numerous stigmata ; 
dorsal lamina as a roembrano : tentacles simple, not more then 16 ; gonads 
on both sides in tho mantle (except Symplegma) ; gemmation lateral, from 
the bodies of the sooids* ; the neural gland is dorsal to the ganglion in 
Botrylltu ; the stoniach has an hepatic caecum. 

The budding of Botryllxu differs from that of other eynascidians in that 
the endoderm does not participate ; the bud being formed as an outgrowth 
of the atrial cavity and consisting only of outer ectoderm of the body, 
ectodermal lining of the atrial cavity and interposed mesoderm (Fig. 24). 
The process begins in tho larva before hatching, ss a pair i f ventral <n»t- 
growths of the atrial cavity. After fixation of the larva tlio left of those 
atrophies and the right alone de¬ 
velops. The zooid produced from it 
gives rise to two buds by a process 
which is described below and is re¬ 
peated in all tho suVisequont budding. 

Tho zooids of the colony thus in¬ 
crease in geometrical ratio, but in 
all cases when the htids are developed, 
the form which hos produoeil tlwni 
dies : thus the fixed larva dic.s when 
it has produced its bu<l. anti the 
latter dies when it has developed ami 
produced its two bud.s. The zooids 
produced iirrango theniselvcs so that 
their atrial cavities ore turnetl to¬ 
wards one another and open into the 
common el«>acn which is a dof)i e&.sioii 
of tho surface of tho colony us in 
I'yroHutna. A sysh-in of zooitls thus 
arises. The number of zooids in a 
system is limited ; when tho limit is 
reached, of tho two buds whieli each 
zooid produces one atropiiies, ancl 
the other, instcotl of toking tip its 
position in tho nystein, moves away 
from it ond bccoinos the centre of a 

now system in tho same colony. The budded zooids d.. not scp..r..tc fron. 
the parent as in moht synasculian colonics. It is true timt tl..- |.l.<irynx of 
the bud loses its connection will, the otriu.n of the parent. Iml .l.c oui. r 
cct 4 >derroal connection persists and becomes an .•1..ngu1cd and «lcmC t.d.c 

by which the vascular sysbunH of the parent an.l bu.l renmn in ...... ..... ly^ 

On tho atrophy of the parent z-mid the two l..bcs which 

U> hor offspring Is-.-omo dircrtly conlinu..oH owing to the fact . ► 

the. internal organs of tho p.ircnt break down. it -. ecto.UT.i. j* - 

Ah stated above tb- bmls arc f.irn.cd us .tivcrtu-ulu of 

on its ventral side (Kig. 24). They for..How t - 

each of whichdivid.winlo two ; <.ne of tl..-u be. oin.-s the pbar> 

• II,... d.-s, ubes btolo.u.d bu.ldi.ig from the 

of iho tMHii 



1*10 


ti>^f2rtu4 (AfUr W. K^N 
wufjA from dAU'j O mouth , A otxulnn 
of common cloucu of n 
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ot!xer, saddle-shaped, becomes the atrium of the bud. The organs ore 
formed in tho usual way, the pericardium and mtestine as outgrowtlis of 

tlio pharynx and the 

nervous system from 
tho endodorm. The 
original connection re* 
\ mains throughout life 

^ vascular ecto- 

^ ^ dermal tube referred 

.Vcl 


iirvV'" 



Pia. Ai .— DUsram of % dorAAi vi^w of a yoiina ootold or o(^ 
bud of Botri/lliit tiolactud (aft«r Plron, frora Perrier). B fu- 
tur* mouth ; bl rudimeutof new bIaato-z<>old of one elde; 
r-Hb rlbratlio tube ; tet octoderm ; pA gonad ; ii Intcfttiue ; 
ptrb perlbranchtal lao (atrial cavity); pp cpicardica) di¬ 
verticulum ; tb pharynx ; Vel doacal part of future atrial 
cavity. 


to above. 

Botryllua Qartner 
and Pallas (Fig. 23), 
colony thin, encrust¬ 
ing, systems circular, 
gonads paired, placed 
laterally, littoral, Fur., 
Med., N. Amer. Poly- 
cyclua Lamarck, as 
last, but colony thick 
and fleshy. £ur. and 
Med. Bolrylloidca H. 
Milne - Edw., colony 
thin encrusting, sys¬ 
tems elongated or 
branched irregularly, 
gonads paired, lateral. 
*Sorco6ofr yUoidea v. 
SympUgma Herdmon, 


Drascho, like last, but colony thick and fleshy. , 
colony stalked, gonads unpaired, in intestinal luopi, Iterinnda. 

Fnm. 2. Dlstomldas. Colony rouiulod or niossiM*, rorely encrusting, 
either sessile or w.th Jong peduncle ; systems irregular, inciinspicuous or 
absent, both raoutJr and atriiun usually openinc on 
tho surface of tho colony. Zooids divided int . fho*ax 
and obdomcn, and sometimes provided with ng vas- 
cular ectodermal appendages ; test geU:'no\u. or curtila- f*/* 

gmoua.somotimeswitluion-atellalc eaJ.areons spi. ules; 

pharj’nx witliout internal 1 ’igituiUnnl bars; th.r-^nl 
lamina as langueU; gonads a .d heart in or fdnngside 
mtestinalloop, spermatic v^M-lea numerous, vas dc- 
foron.H straight. 

Tn the £)iefom d le tho budding j« opirardinl Tho 
opicurdium arises s a pair of diverti-nilu of the 
pharynx, one on eacli ^idu-of tho oeophugus. The right 
of thoso detaches a penonrdium. then separates from 
tho pharj-nx and bo. ome.-i connected to tho left tube to 
form the definite epieardial tube. Tins pushes out the 
ectoderm and forms a ventral stolon, which buds off 
small free bochos into the test; these may multiply 

InCol^^Bomeof the buds, those placed in tho deener 

the etelU. have a stove ot vesevve food VZL, tn theh eetodevtn 



Fia. 25.— Duiaftia 
(after H r r d m a ii 
from l>tlago adO 
Q^muar^l). 


Ko„a,ev.Wy. „p. dnh„, i,„ Can,. Zoo,.,,. , 890 , 
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Dislaplia Della Valle (Fig. 25), with a common cloaca and atnal languete, 
incubatory pouch aa diverticulum of cloaca, colony sessile or only shortly 
pedvmculatod ; Med., Ath. Ind. Ocean. Caiman, Antarctic. Du>^ 

toma Gartner, with atrial siphon, without spicules tn the test and 

incubatory pouch, 
colony sessile or only 
shortly pedunculated ; 

Med., Ear., Torres 
Straits. HeUrotrema 
Fiedler, Cyatoditea v 
Draeche, CoUlla Herd., 
with an incubatory 
pouch and a well- 
marked peduncle, S. 

Oceon. O;rycomta v. 

Drasche. Chondro- 
atachya Macdonald, the 
zooids project beyond 
the test, Aust, Arc^t- 
diatoma Garetang, the 
zooids arise from an 
incruating basal layer, 
either singly or united 
in a common teat, with¬ 
out common cloaca ; 
covered with sund ; 
may be compared to a 
Clavrlxna in which the 
teats of the zooids 
have fused in groups; 

Plymouth. 

Fam. 3. PolycUnl* 
dae. Colony usually 
massive, sometiineH en¬ 
crusting, aomot lines 
lobed or even stalked ; 
eystems of variouc 
shapes, sometimes ir¬ 
regular or absent ; 
iiommon cloacal uper- 
tures usually indistinct 
or absent ; zooids 
placed perpendicular¬ 
ly to surface, usually 
divided into thorax, 
ai>domen, and post- 
al/dornon (Fig. 20) ; 
mouth 0 or 8*1 uV><mJ, 
atrial aperture often 



Tic 26 —DiaKrannriAUc nectlon UifcKiKli a porUoii of a Poly- 
clliild colony Call.,r Delate and Jl^roiiard). / ojicjiln« of 
common cloaca. 2 atrial : J . 4 tnoiilhn ; 

C Urnlaclc:^* G t«:r I pharyngeal band ; 7 cndostyle ; b lantfuetB; 
Panutf fO I dc; // female «eiRTali>o opening. I'J ei^Kurdlal 
lubes */JftoiJiach ; pvloric gland ; ovary; J6 lintU , 
J7 epicardluni; IM dorsal; lU ventral limb of porlcurdiuin; 
20 i^osUrlor bifurcation of eplcardiuiri , 21 heart. 


atrial aperture oxveii 

with utrlal languot ; test Bomfttinics Htiffi^iied by «mbedded B.ind grume ; 
pharynx eirmll with Htiiall Htigmulu. without mU-riml luiigitudiiml bare, 
with b jrizontui muinbiunoa ; turilacleH biiiuH, fow ; dorsal Inininu us 
lunguetu; gonads in podt-ubdomon, ti-stis ua sponrmtif sacs uttwhod to 
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lar^c vns tiofuicns ; gciniiirtti<in from posi Iins tlio heart 

at its oxtreinity. 

The post-abdumaii 4*oi)tuiiis uliirli it iiilti a ri^lil 

Ainl li ft pottion, flio heart aucl pei*i«Miihini^ ;hm! in if h upper jiiirl thegniuiitB 
(Fi);. •iti). The poricurdiiini {lU) art»( rontaius Iho heart (al^o 

U-.shai>e<i) ill itn pust4>riur part. Tlie «*pii*artlMiiu (VT) lufurc*a(4^ in fnait 
into two tulios whit’l) ahut aeaiitst the phai \t»s hut <li> ii4»( iiih» it in 

tho adult ; posteriorly it hifuuateM so ns to ^nisp tho 
bend \*( tho pcricardiiiiii ihi<ldin^ is olTeeted hy tho 

sopavutiun of the post'abdoiiK'ii frian tluwihdiaMen and its 
Mission into pieces (Fi)'. -7). he of tia* heairt «ind 

IHTicardiuin in ciicli piece* fitrophio'^ and tlie rpi« ardiiim 
<levolops in tho usual way into pluiiynv, at i iiini ami int(*H* 
tine of tho hu^l. In .l/thtfoUt irnit, jind po.*^-ilil\* ntla'i*S« 
)>ucKhn^ takes phuH* ill tin' siiniiner ; tou mmIs \s inici* tins 
eeasoH and sexual mcniisure foimed. l*lio i>uddiuo /ooid 
n'm'nerutcs ii iirw post ulr<|»Moi*u. Tliis iiiolhoit of bud* 
<liiig is olcoriy i f tin* Hloloui< lvind« Mteli us liiid in 
CUtvclina anti l)i.sUnnitini\ ditTeriiig mily by the preHoneo 
of tlio lu*art in tlte btoioii. 

II i//i intchtinul h^o/; (trifttrti and fjfnrrftllfi /^mofdh'trallrd 
^*^aaar/|. 

Suv. (J'l^. ‘Jfi)- Systeiiis Niuiple, stomach 
snioolh M.iU(*d« most Lnhilli\ huri* 

r.i.Mitill Mionibr.uics Ilf pb.ir\ri\ doal a ulati d, oarli colony 

jf a '^iui'K: sy*^(i im : Mi d. I*‘tltfclt tutldcfi 

v. Ouc- he, l/i/o//opv#N L.ibilli*. uirh laoi t\w^Ud intos- 
thioaud .•^ntootli uallid '•t'liuiieh: M»*d...\fl. l*hnrt/infO^ 

JI'mI.. phaiNiiN umIj siiiipio 
iiic'^hu I ii*U «f r»'4'i uliii me-ilie'^, tint) 
lonuit udiiial b.n ^ :^uppo^«M| | m ale 
siMit (se<‘ p. It); An1areU< , Ijititt 

fills. ; /t ton il* \ *\. 

Inft.stinal /ooyj fo*f ircf// of 

ntfnnarh ffr^fovttl •.r ortidnf.d. 

Ajdltdium S.i\ n il t,o>«| lanciiets, 
most seas. r..i,nnu$/nfidiufn Herd, 
.ImorouTMoa M.-Khw. (J i/oooomoii) 
(^iK•-0. atrial ap« rture uiih a laia 
guet, post-ulidiiiiMii not sepaiateil ofl 
by ctaiHtf . ... >u;r7/i fia 

S.tN . /•%/i7Mrooat;aiid :mp| Ft rnfanddrs 

M.itir , with H Ian l al |.a.es, Med. No/- 

, , , ayam Sav., r* bu. • a| JoIm-s, areohilnd 

stornaiU; N. n„.\ s. All. Monh.Ut.i.n (i.ar.l. ... 

t-olnny f..riin . lul.-sl.ap. J i-Un y\ I’.j.. fVr 

Cjrwhum Murrh-ltini l. ^ ll-.r.l, (;..t fh;,Mi 

F^n. 4. Diderauldae, C..|..r.y n.ii..ny ... i.,;./ n„-,Jv 

t i.ok. Iinvor Hf.vlUn.l ; >v,a. tuH irr..K.,lM.. ... . .. 

cloaoal mu »llv •••.mpir-.i..nM : -/..mi.l itla.i il i..I. i i 

oMi4u..iy t.. surf...., ii.to ahiMuLv ;:;: : 

... ^ I—... 



Flo, 27 . — .4 rn'/roj-iuMi **li'>w iaa 

lUCnll <1 I** J, t4 

k uTit^^riMf »^solK*ii (*ih) «.r I I.I* lolHiMi 
io llio bijtl uui»*r K>av:U •\-.kv i. 


ir;,).. 
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act as retractors; pharynx small, with 3 or 4 (rarely C) rows of stigmata ; 
gonads alongside intestinal loop, ova large, single testis round which vas 
doferena is coiled spirally; gemmation from pyloric region, thorax and 
abdomen formed from separate buds ; larval gemmation feeble. 

Tho budding* (Fig. 28) in the Didemnidac is very remarkable. Tlie 
buds appear to arise in two separate portions from distinct parts of the 
J>ody ; the one of these, known os the thoracic bud (6), arises as a diverti¬ 
culum of the outer wall of the lower end of the otrial cavity, on the right 
side opposite the stomach ; .the other, called tlie abdominal bud (c), is a 
diverticulum of tho oesophagus which aho projects towards tlio riglit side. 
Tho thoracic bud ia formed of outer ectoderm, ectodermal lining of the 
atrial cavity and interposed mesoderm (like tho bud ♦of the BotrylliJae) ; 
it gives rise to ll. 'horacic portion of a now zooid, t.e. to the pharynx, 
ntriul cavity, rv o and a portion of the oesophagus (Fig. 19, B). It 
aeparates from h p^ace of origin and acquires now relations ; those are 
as follovss : the opens on the surfoco of the colony, tho atrial apor- 



Fig. 28 .— Three luccoa^lvo sUges In the budding nf Didemnum (from Dilnge and ITiiroiiard. 
after D. Vofio). a parent ; b pharyngeal bud ; e abdominal bud ; el atrial Aprrturo . 0 ocso- 
pL^ua; f rectum; t inouUi of bud. 


ture into tho common cloaca of tho colony, tho portion of oesophagus joins 
thooosophagUBondthoroctum joins the rectum of tho parent. The abdominal 
bud meanwhile has formed itself inU) a loop c/iunocted ot hnth ends with 
tho oesophagus of tho parent ; ono end however separates itself from the 
oesophagus, joins tho rectum close to tho point cf union of tlio latter with 
the re<;tum of tho thoracic bud ; and tho whole loop forms itself into a now 
oesopliagus, eiomiich and intestine. A new heart and perinirdiurn are 
formed in the abdominal bud. Later when the new pharynx and now 
intostino have developed so iis to ho equal in sizo to those (if tho parent, 
they become detached from its oesophagus and rectum and join up in such 
a way that tho oesophagus and rectum of tho abdominal hud become 
continuous with the oesophagus and rectuin of tho thoracic hud. Such 
IS this extraordinary phenomenon. Tho details aro not yot fully worked 
out, and we await future observations for a more coroploto understanding 
of it. It sometimes happens that tho two parts of the bud are not equally 

• Della Valle, Mem. R. Accad. Lined (3), 10, 1881, and Arch. But. Bio- 
lofjie, 3, 1883. Caulery, Comp. Bend., 1806^07. Salonsky, Naples Mxt., 

11, 18fS. 
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developed, or one pert alone may develop, eo that sooida may be found 
with two Beta of intoetinee. In each caaee the old inteatmee diaappeor 
the phenomenon may be regarded aa one of regeneration. 

Didemnum Sav., colony thick and fleahy, pharynx with three rowa of 

atigmata, most aeaa. DidemnoidM v. Draache. 
Sarcodidemnoide* Oka. Ltpioclinum M.-Edw., 
colony thin and encrueting, 4 rows of atig* 
mata. Tttradidemnum l^Ua Valle. Poly* 
ayncroton Nott. Eucoelium 9av., 6 rowa of 
stigmato, Med. and Red Sea. HyjntrQon 
SoUae, with faecal pellets included in the 
test, Malay Peninsula. 

Fara. 6. Dlplosomldae. Colony usually 
thin, transparent and encrusting, usually 
without spicules in the test, pharynx with 4 
rows of stigmata ; body divided into thorax 
and abdomen ; vas deferens not spirally 
coiled : gemmation* os in the Didemnidae 
the lurva produces a well-developed bud be¬ 
fore fixation. Diploaoma Macdonald, Med., 
Atl., Pac., Austr. Diploaomoidea Herd., with 
Bpiculos, Med. £r«t*t«leU»um Jourdain. Aa- 
teUium Giard. Paeudodidemnum Oiard. 

Fam. 0. Coelocormldae. Colony massive, 
deeply concave on upper surface, not at¬ 
tached ; zooids largo, scattered all over the 
surface, mouth 5-lobed ; test soft with cal¬ 
careous spicules near surface of 
colony : pharynx large, dorsal 
lamina os languets; intestine 
extending behind pharynx but 
not forming distinct abdomen ; 
tsstis 03 pyriform vesicles which 
join a opirally coiled vas de¬ 
ferens. Coelorormus Herdraon, 
S. Atlantic, OOU ffus. 



Flo. T#.—A blMtesoott« of Clavelxna, sido view 
dUmaiornklic (»flor IHlage and tlfrouarxi) 
1 atrial apertara ; g aubacural gland ; J moulb- 
4. 6. eplcardlal tube ; « h«-art ; 7 atoloa • S «to- 
loolc (Wplum ; 9 ttomach ; 10 orjir>' ; IJ tostto : 
Is oaaopliagoa : 13 aniu. 


• From the rewnt account of Pizon {Coinptea Rendus, 137. 1903 n 7591 
^uch 18 eomowhat condensed, the budding appears to be as folio^we -.- 

larva buds^fore fixation. Of the two individuals eo formed O' i^d 

thorax (phorjaix, ^phegua and rectum) and so becom^ 6SLra«V 
After twenty-four hours the old thorax deconeratea whiU if- 

The™?, 

new thorax O* and then^ter tw^ntvT.r. buds o 

new tooid with the oPd Ld tL ^ 

(P goes tlimugh the same iriS of m ° formed, 

it 6«t doubl4 iteelf anTg^cs ril for O^ ; 

the old thorax 0> bocomel bithSJLi^ and tlln ’^^.^bich that with 

«>oid B' produced by the fme i^^Ta b^av^Sce **^”^“* ^he 
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Fam. 7. PoIya(y6lldae« Colonies massive or encrustingi rarely s Jked 
or formed of small masses connected by stolons^ without common cloacal 
cavities ; both apertures 4'Iobed, opening directly to the exterior ; pharynx 
large, with strong internal longitudinal bars; tentacles small, numerous ; 
dorsal lamina as membrane ; intestine alongsido pharynx, rarely extend¬ 
ing behind it; gonads as polycarps in mantle projecting into atrium ; gem* 
mation doubtful, probably from vascular stolons ; in Goodsiria it is stated 
to be palUal (Ritter) It is not certain that all the genera hero included 
have the power of budding, and it is possible that some of them are close 
aggregations of simple Ascidians. By their structure they approach Pohj^ 
carpa {Styelinae) of that group. Qoodsiria Co/mingham, Chorizocormu\ 
*Herd., Ocxdinaria Gray, Thylacium Cams, Poly sty ela Giard, Syn^tyda 
Giard. 

Fnm. 8 . Clavsllnidae* Tho zooids arc not oinbeddecl in a common test 
but arc attached to creeping stolons or to a stoloninl moss from wlxicb 
new liscidiozooids arc formed by gemination ; 
test usually gelatinous, thin and transparent; 
pharynx often without internal longitudinal 
bars, which are without papillae; tentacles 
simple, dorsal lamina as languots; intestine 
usually behind pharynx as abdomen ; gonads 
in intestinal loop. This family comes closest 
to tho genus Ciona of tho simple Ascidians, with 
which group it is often united. 

Tho stolon of* the oozoitoof Cfave/ina (form 
produced from tho egg) is divided into two 
parts by a septum, the aiolonic etptum. This is 
a coHap»cd continuation of the opicerdium and 
tlicroforo contains endodorm. At tho free end 
of tho stolon the septum coasos so that the cavi* 
ties (blood spaces) on cither side of it arc in 
communication. At the other end tlio bopturn 
is continuous with the hind end of tho single 
epicardial tube (in tho blasiozooite mth tho 
hind end of tho pericardium, Fig. 29), the pos¬ 
terior part of which is applied to tho dorsal side of tho poricardium, wliilo 
tho front end forks to open by two openings into tho hind end of tho 
pharynx just ventral to tho oesophagus. In tho blastozooitoa or forms 
which have boon produced by budding (Fig. 29), the arrongornent is tho 
same except that tho stolonic septum is connected with tho poricardium 
and not with tho opicordlum ; but this is not a matter of any groat 
importunco, inasmuch as tho pericardium develops from tho hind end of 
tho cpicardium, with which it remains in closo contact. Tho point is 
that the stolonic septum is an ondodormnl structure continuous with 
or dovolopod from tho pharyngeal wall. The form produced from ^ho 
egg remains asexual, tho zooids (blastozooitos) which are budded from the 
•tolon of this become sexual (Fig. 20). Tho budding takes place in this 
way. Tho stolon produces on its upper side a small diverticulum (Fig. 31), 
into which tho septum sends a hollow ondodermal prolongation. This 


♦ Kowulovsky, Sur lo bourgoonnoimmt du Perophora listen, lUv. jSci*. 
Nat. M<mlpeUur, 1874, and Uob. d. ICnospung d. Ascidian, Arch./* Mtk* 
*incu., 10, 1874. 
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of C/sw/tna (Iruni Kor* 
ftclicit Sful HeiOer). tp 
epicardluro ; A ; 

i Intestine ; m itoniocli ; 
n vUcenU nervo cora; 
pe i>eri€ar<llsl vesicle. 


gg PHYLUM TTTNICATA (UBOCHORBA), 

endodermal voaicle becomes constricted into two parts 

connected by a narrow neck ; the upper of these gives nse 

and atrial cavity, and tlie lower to the epicardium from which the 

pericardium subsequently procc^jds. The digestive tub© anses from the 

pharynx in the ordinary way. while the central neri’ous system ®PP®*” 

to develop from the pharyngeal endoderm,* as it does also m the buds of 

Distaplia t Aud Botrt/llut J and 
probably in those of all ABcidiae 
Compojttoe. It would thus appear 
that in the Ascidiae Compositae the 
atrial ca\’ity and the central nervous 
system,which in the embryo develop 
from the ectoderm, in the bud de¬ 
velop from the endoderra. This 
contrast is highly remarkable, and 
duo weight will have to be given 
to it, when wo aro considering in 
the General Part, the theory of the 
embryonic layers. 

Clavelina Sav., stolons delicate 
and branched, body divided into 
thorax and abdomen, without pe¬ 
duncle. pharjTix without inner 
longitudinal bars ; 2-3 cm. in 

length ; Eur. and Mod. Podocla^ 
Villa Herd., with peduncle, Arctic, 
Australis. titercacla^iella Herd., 
stolons (md hind end of body in a 
common mass of test, Atlantic, 
Australia. Pycnoclavella Garstang, 
(J.M.RA. (2), 2, 1891). similar to 
preceding, Plymouth. Perophora 
Lister, without abdomen, short 
peduncle, pharynx with 4 rows of 
stigmata, transvorso bars of pharynx 
with papillae which branch and may 
form imperfect internal longitudi¬ 
nal bar.-i (Fig. H), znoids 3-6 inm. ; 
Atl., Med., N. Araer., Austr. Pero- 
phorop/tis Lahilie, with IB or 16 
rows of stigmata. Mod. BcUina- 
acidia Herd., ivithout abdomen, 
tost without blood-voasiels. pharynx 
with iutemal longitudinal bars, 
most seas. Sluiteria v. Ben. Dia- 
. zona Sov., many zooids united by 

posteriorly to form a large colony, abdomen present and embedded 
in common tost, pharynx willi intenial longitudinal bars, zooids 3-Ocm. 



Fort Ion of a pmllfer4tLag 9toloo 
oiFt^htfra C4fUr Kow^^\%ky from Kor- 
Kheli 4nd HelderK e€ ecUxlerm. tn 
aoderro : frn buda : « BtoU.mlc ft«rptum ; 


\AiAAcriu ; n UU<U ; 9 9 % 

p brmnchlDg of the sUiIon. 


1896®"’“®''’ “• '8»3. p. 365-401. R.ttor, Journ. Morph., II 

t K.^waievsky. ArcK Mik. Anat., 10, 1874 
X Hj.jrt, Zoot. Arxz., 10, 1802, p. 32& 
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Eur. and Med. AAopoZoea Philippi, zooide few, not united by teste, stolons 
as foliaceous expansions ; 5-12 cm.; Med. Rhopalopfie Herd. 

Tribe 3. Ascidiae Salpaepossiss (Ascidiae Luciae). 

Free-sxoimming 'pdagic colonial Ascidians. 

The colonies have the form of hollow cylinders, closed at one 
end, open at the other and slightly 
tapering towards the closed end. The 
closed end is rounded; the open end 
is flat and ite edges project inwards 
to form a diaphragm (Fig. 32). The 
cavity of the cylinder is the common 
cloaca of the colony, and its opening, 
which can vary in size, is the common 
cloacal opening. The test is trans¬ 
parent and gelatinous ; it bears on its 
outer surface a number of projections 
(Fig. 31 his), while the inner surface is 
perfectly smooth. The zooids are elon¬ 
gated antero-poateriorly and placed in 
the thickness of the wall of the cylinder 
in a single layer at right angles to the 
surface. Their mouths open on the 
outer surface, each at the base of one of 
the test processes; and their atrial 
apertures are at the opposite end and 
open into the common cloaca. The 
colonies vary in length from a few 
inches to four feet {Pyrosoma sptnosum). 

They float horizontally in the sea, and 
have a slight power of movement with 
the closed end forward. The movement 
appears to be caused by feeble longi¬ 
tudinal contractions of the wall of the FlO- 81 (n».—l‘yrotuma fle^ant. 

X i (from Perrier), a cIoacaI 

hind end of the cylinder. They are oixomR; dbucc4Upp«n<i^e8 

^ ^01 Ulo t<>olds. 

phosphorescent. When they are at rest 

the light is very feeble, but on stimulation by contact or other 
means, the light, passing through a red and green stage, be¬ 
comes white. Moseley * states that he traced his name on the 

• NoUs fry a HotaralUi on the" OhalUnijtr," Londoxi, 1870, p. 674. 
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surface of a large specimen with his finger, and describes how 
“ in a few seconds his name came out in letters of fire.” The 

light is emitted by two groups of cells in the 
region of the mouth. There is a single genus 
Pyrosoma Peron. 

The zooids usually lie with their veutral surfaces 
towards the closed end of the colony» but in P. 
tUgans they have the opposite position. There is 
a buccal and atrial sphincter muscle and a few 
delicate bands of muscular fibre in the body wall. 
The test contains cellular elemonta and some fibrous 
bandSr and the zooids near the common cloacal 
opening give off two tubular prolongations of the 
dorsal body-wall containing muscular fibres^ which 
appear to have the function of acting on the dia* 
phragm. 

The structure of the zooids is well shown in Fig. 
311. The viscex'a are behind the pharynx, and the 
anus opens into the posterior part of the atrial 
cavity. The otrial cax'ity sends forwards two 
diverticula, une on each side of the pharynx, but 
these are not continuous with one another on the 
dorsal side of the pharynx, as in other Ascidians. 
The lateral w’alU of the pharynx consist of from 20 
to 50 transverse bars, crossed by from 16 to 30 
longitudinal bars. The otigmata arc quadrangular, 
and the longitudinal bars are supposed to be inter* 
nal, fine longitudinal bars being absent, as in CuZcohis, etc., among simple 
Aflcidums and in P/iaryn^odtc(i/on among the Synaecidians. It is doubtful 
however if this interpret at ion is correct (see p. 12). 

There is the 

If 


usual row of 
tentacles of 
which the ven¬ 
tral median is 
t)ie longest 
(Fig. 33). The 
dorsal lamina 
has the form of 
12 languots 
which show no 
relation to the 
trflnaversc bars. 
The intestine is 
curved, there is 
a pyloric gland 
rami f y i n g on 
the intes tine. 


Fin. 32.^T)ia^sm of a 
•ccIloQ thrviugh A 
fotnma colony (after 
D<*Urc and Hi^rouanlK 
i buccal appendasr; 

5 consmoQ c1or\ca ; 
J zooida : 4 diaphragm 

6 cloacal opening. 
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FlQ 33.—A ^>1.1 of Pifro$ama (froii> A ->\li*leot aoertura • 

A, aou. : Hr pharvn* ; Cl.aart ; End an<t«tylr ; A’ n" ve Sa«3“on | 
, Ov o%ary , St stolon ; T tavtia ; >VI> periphary ngeal ring. 


O mouth 


Th^ heart, is pU^l a little behind the end of the endoetyle iO) The 
tine. The ovary contama one ovum which ripeoB before the Ustia. The 
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budding Btolon (^0 ^ projection of the ventral body wall and cor. iains a 

diverticulum of the pharynx which conies off just behind the endostyle^ a 
genital cord^ and a prolongation of the pericardium which latter structure 
is aaid not to give rise to any organ in the bud. The ganglion carries on 
ite ventral side a pigmented organ which is interpreted as an eye, €md the 
phosphorescent organs (Fig. 33) are paired (right and left) masses of cells 
containing a fatty substance at the level of the peripharyngeal band in 
the blood space there found. 

The development^ of Pyrosoma is very remarkable. The ovum is largo 
and full of yolk. The cleavage is partial and gives rise to o disc of cells 
lying upon the yolk. There is no tailed stogo ond the development is very 
different from that of other Ascidions. It takes place within the egg- 
folliclo and leads to 
the formation of an 
imperfect individual 
called by Huxley the 
cyathozooid. This while 
still in the maternal 
tissues produces a sto¬ 
lon (Fig. 34which 
immodiatoly undergoes 
imperfect transverse 
fission into four parts. 

Each of those develops 
into a typical Ascidian 
zooidf called by Hux¬ 
ley the ascidtozooid 
(Fig. 35). The four 
oscidiozooids orrango 
themselves equatori^ 
ally round the parent 
cyathozooid (Fig. 36)^ 
acquire a common 

cloaca and form the first individuals of a new colony. The cyathozooid 
now disappears^ the ascidiozooids lose their primary connection^ end the 
little colony posses into the atrium of tl)e parent and thcnco to the ex¬ 
terior. Each of the zooids composing it possesses a ventral stolon which 
immediately begins to bud. As all the successively produced zooids have 
ventral stolons, the colony constantly increases in size and number of 
individuals until the limit of growth is reached. 

Budding by which the adult colony ie formed.^ Each of the four primary 
ascidiozooids possessoe a stolon at the hind end of its endostyle. This stolon 
is the pedicle which in an earlier stage connectod tlio zooid to that next 
it in the chain, i.e. it is a part of the original stolon wliich does not 
develop into an asoidiozooid. It contains (Fig. 36) a diverticulum of 
the pharynx (d), two lateral bands of mesoderm, an unpaired cord of 
mesoderm called the genital cord {g) and the clacobl^t. Of these 
structures the mesodermal bands break up and are suifl not to give 
rise to organs, while the cord of genital mesoderm which is at first 


A 





Fl<3. 34.—DiAftram ot a Fyrosoma embryo sJiowUir the dovcl* 
ophiz cyathosooifl lyinjj on the yolk wJlh sorno of (ts 
oc*vcJopcd. and tho stolon it with coinmcncuis fls?tioo. 
d enirron ; do yolk , o airiA] aperture 4 ^ : h huort; 

a ciliated pit, of oathozoold ; r edge of (rerminaJ dbc grow¬ 
ing over the yolk of cyathozooid ; «f stolon. 


^ Eowolovsky, Arch. /. Mik. Anal., 11, 1875, p. 697 
t Seeliger, Jen. Zeitech., 23, I860, p. 696. 



'■ d*velopineal of tl 
Heid^r, ^fUt St^Wftr), Iq c iho 
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oontinuous with the rudiment of the genital organa of the parent, 
gives rise to the peribranchial (atrial) cavity, to the central nervous 
system (n), to the gonads, and to the mesodermal structures of the 
budding zooid. The pharyngeal diverticulum becomes the pharynx and 
develops the intestine as an outgrowth (Fig. 37). It is clearly homo¬ 
logous with the epicardium found in many aynascidior.s. The pericardium 
is developed as a vesicle formed of mesodermal tissue on the right side. 
It comes to He on the dorsal side of the pharyngeal process which projects 
into the stolon of the fully formed zooid (Fig. 37 pc), and thus diffeis in 



^ lyitoiu . o ov*r>- let's rouicjc wiui .-bv, U„?uefa ; 

dicatloK the houndary of Uic atrial cavity s( joud uu 1». 

t Uuucl* rudliueat; » tube conneettag tho eiitaron of the flwt aod «< jouo 

position from the pericardium of other forme, whi''h ie placed . 

the epicardium (see p. 15). The norvoun syctem de\ olop8 from k* ‘ 

«nd of the genital cord (Fig. 3b) which passer round the ^ . . 

pharyngeal process on to the dorsal surfaco of the bud an o i» 

lowed out to form a vesicle. The gengJion arates fron. the 

WaUof this vo8icJo,thc cavity oi whk-I. acquires a tubular 

^th the pharynx and formB the BubneuraJ gland and due ( ^ which 

The elaeoblast also develops from the mesoderm, as paired masse 
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join round the pharyngeal proceae (Fig. 37, tb). The tost of the primary 
totrazooid colony is said to bo formed entirely by the cyothozooid, but in 
tho subsequent budding each new zooid plays ite port in adding to it. 

The stolon undergoes fission by transverse constrictions into buds. 
First one bud is marked off (Fig. 30 A), thononothor between tho first and 
tho parent (Fig. 36 C), and so on until five have been formed, the youngest 
bud being always next the parent. When five zooids have thus been 
marked off, the distal one has acquired full de%'elopmont and becomes de* 
tached and a new constriction is formed at tho base of tho stolon. Tho 
new zooids when detached pass round and tako up their position near tho 
common cloaoal opening of tho colony, where tho youngest zooids lie. As 
they increase in oge they become further and further removed from this 
opening by tho interposition of the continually forming new zooids. 

Tho points in tho above account which must be received with caution 
are those relating to tho origin of the nervous system and peribranchial 
tubes. In the stolon of tho cyathozooid tliose organs arise os ectoderm 
invoginations ; in tho stolons of tho later zooids which are directly derived 
from that of the cyathozooid, they are said to arise from mesoderm. It 
is difficult to believe that this difforenco ronlly exists. 


Order 2. Thaliacea.* 

Free-swimming solitary 'pelagic forms, which in the adult are 
never provided with a tail or a notochord. Metagenesis always 
occurs, and the sexual forms typically remain for some time corn- 
necied to a process of the body of the. asexual form by which they are 
budded. The mouth and atrial apertures are. at opposite ends of the 
body. 

The test is permanent and transparent, and closely adherent 
to the body. The musculature of the mantle w in tho form of 


* Troustedt, Spolia atlantica. Bidrag til Kundskab om Salperno, Dariske 
Vid. StUk. Skrt/l., 1885, p. 330. Kowalevaky and Barrois, Alat^riaux 
pour servir a riustoire do I’Anchinia, Joum. d« VArMt. Phys., I'J, 1883. 
Ul]k'.nin, i>ie Artcn der OaUung Dotiolum tm Ooift v. A’roptl, l^eipzig, 1884. 
Barrois, Sur le cycliquo gi^nolique et lu bnurgeor.oement de I'Anchimo, 
Joum. de VAruU. Phyo., lit, 1886, p 193. Seeliger, IDic ICnospung der 
Salpen, J<-^. Zeitsch., 10. 1886. Korotneff, Die ICnospuiig d«*r .‘l>w.Ainta, 
Z.f.w.Z., 40, 1884, |>. 50. Id., La Dolchinia mirab\li«. NapUs Mil., 10, 
1891, p. 187. Id., Embryologie d^r Salpa dcmocrniica, Z.f.w.Z., 50, p. 29, 
1895. Id., Tunicotcnatudifaii, etc., A/upfe# A/it., 11 and 12, 1895-6. Id., 
Zur Emb. v. Salpa runcinata-fusiformis. Z.f ic.Z., 62, 1800. Brooks, The 
Genua Solpa, Mem. Biol. Lai. Johns Uepkins C^ntrcratry, 2, 1893. Salonsky, 
A series of pupers on tho development and budding of Salpa, vide. Z.f.w.Z., 
17, 1870, 30, 1878, Morph. Jahrb., 3, 1877. 20, 1903, Naplejt. MU., 4, 1883, 
11. 1895. Heider, Beitrage z»ir Embryolcgie von Salpu fuadormis Abh. 
Senck. Ges. Frankfurt. 18, 1895, p. 367. Metcalf, Follicle ceils of Salpa, 
Zoof. Anz., 20, 1807, and on the eyu and subneural gland in Brooks’ 
Monograph, too. cit. Id., Notes on tho Morphology of the Toukata. Zool 
Jahrb., Anat., 13. 1000, p. 495. 
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more or less complete circular bands, by the contraction of which 
locomotion is effected. The pharynx has either two 
many smaU apertures leading into a single atnal cavity, which 
opens to the exterior by the atrial aperture. The an<^ opens 
into the atrial cavity. Alternation of sexual and asexual genera¬ 
tions (metagenesis) occurs in the life-history and may e com 
pUcated by polymorphism {Doliolidae). They are only occa¬ 
sional visitors to British shores. A few species of Sal^ and of 
Doliolum have been taken in the seas around the Hebnd^. 
They are divided into two groups, the Cyclomyana and the 
Hemimyaria, which seem to be sufficiently distinct to ment the 

rank of sub-orders. 


Sub-order 1. Hemimyaria (Salpida). 

Thalioeea, in which the jiharynx ia reduced to ita medion dorsal 
and ventral {endostylar) walls, the lateral walls being absent. 
asexual form produces chains of sexual individvals, which give rise 
again to the asexual form. The muscular rings are usually incom¬ 
plete ventrally and a tailed larva is not developed. 

The salps are transparent pelagic organisms, coloured and 
opaque at one spot—the nucleus, where the digestive organs and 
heart are placed. The test is soft and gelatinous and the mantle or 
body-wall closely adheres to its inner surface. The body is some¬ 
what elongated, with the mouth in front and the atrial aperture 
behind and slightly dorsal. The muscular tissue (Fig. 38) of 
the body-wall is arranged in hoop-like bands usually six nine 
(there may be as many as twenty and as few as four) which are 
continuous dorsally, but uauaUy not ventraUy, except belhnd 
where they constitute the atrial sphincter. At the mouth they 
are modified in a different way, being prolonged forward mto the 
Ups. All these muscles are transversely striated. Porsally 
some of them frequently join or approach one another. It is by 
the contractions of these bands with the mouth closed that water 
is expelled from the atrial cavity, causing the movement o le 
animal in a forward direction. The mouth is not lobed, but is 
bounded by mobUe upper and lower lips. It leads into the pre- 
branchial part of the pliarynx, which contains but a single ^n- 
tacle—the so-caUed tenguet—on its dorsal side (Fig. 40. U) 
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Behind this is the peripharyngeal band {16), which is grooved 
in the usual manner. 

The nervous system and the organs of sense, in correspondence 
with the power of free locomotion, present a higher grade of 
development than in the Ascidiacea. Tlie ganglion (73) with its 
numerous nerves lies dorsal to the anterior attachment of the 
“ gill ** and is of considerable size. It has on its dorsal side a 
horseshoe-shaped brownish-red pigment band, in which are con¬ 
tained besides the pigment numerous rod-shaped structures, 
the whole directly resting on and being part of tlie ganglion. 
Tliere can be but little doubt that this structure is an eye. 

The dorsal tubercle (ciliated pit) is a short diverticulum of the 
pharynx in front of the peripharyngeal band ; it is without a 



''®*^*®** eectloD. 8©eD from Ihe left fide. dle^Ainimstlr. 1 
S dur» /# ^ pharynx (branchial aac) : J '* K'H '* (donal Uiuloal ; 

h»nd« .**^f*»*^***^^** ^ «n^o8tyle ; S beart; 9 oe»oph/iRU.t ; JJ lunguet ; muade- 

HrfUr,, , nervo eaoglioo ; 14 embryo In ovls&e ; IS atrial cavity ; J6 peripharyngeal 
rtng ; J7 etoiuMd) ; Js teetU; J9 teat; aubneural gUod ; 2i dowaJ tuWle. 


glandular part and does not extend as far back as the ganglion 
(^1). On the ventral side of the ganglion there are two glands 
(Bubneural glands) which open by separate orilices into the 
pharynx (or atrial cavity ?) just in front of the peripharyngeal 
band (d) and behind the representative of the dorsal tubercle. 
There are no otocysts in salps. 

The pharynx is without any side walls or stigmata and freely 
ooramunicates with the atrial cavity on each aide. The endo- 
style (7) is present in the usual form, and the dorso-median wall 
of the pharynx is represented by the so-called gill (-5) which take* 
an oblique course across tlie body from near the ganglion to the 
opening of the oesophagus where it terminates. The oe-aophagus 
(P) leads into a gut whiok possesses a stomach and pyloric gland. 
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is twisted on itself and constitutes the nucleus. The anus (3) 
opens into the atrial cavity in the posterior region. In Cycio- 
salya there is no distinct nucleus ; for the intestine is not twisted 
but passes forward, along the endostyle in the sexual form, and 
al(3ng the gUl in the asexual form, to open anteriorly into the 
atrial cavity. The heart is placed in the nucleus in front of tlie 
stomach. In the asexual or solitary form (see below) the pharynx 
gives off a diverticulum at the hind end of the endostyle which 
enters the stolon. The Stolon is a process of the ventral body- 
wall anterior to the nucleus. It lies in an excavation of the 
test and contains in addition to this pharyngeal diverticulum 
a number of other structures which will be described below. Its 
function is to segment into a n\imber of zooids, which develop 
sexual organs and differ, when fully formed, in certain features 
from the asexual aniinaU which arise from the egg. The sexual 
forms which originate from the stolon remain adherent by pro¬ 
cesses of the test, and form chains, from which they break off in 
sections. They are therefore generally found joined to others, 
but in some cases they become eve)\tually entirely separate 
from one another. We thus get in the snips the regular alter¬ 
nation of a sexual and an asexual generation. The asexual form 
is solitary, the sexual usually joined to others in chains. As 
these two forma differ slightly in annt-'mical stmclure and have 
often been described before their genetic comieotion was known, 
they have generally received different specific names. To 
iivlicatt this connection when it has been di3cc»veu-d and to 
render the matter p<Mfei.tly clenr, both those specific names are 
used in the name of the animal : thus Thalia d>:mocr(^iica 
mxicronnta is a spocif.s uf whi h the asexual form ^'l'as originallv 
described as Salpi democralica and the sexual or chain-form as 
ytiurronafa. their genetic connection being subsequently dis¬ 
covered. The alternation of generation in salps w'us discovered 
at the beginning of last century by the poet Chamisso,* and sub¬ 
sequently rediscovered by Steenstrup. 

The sexual form, often called chain-form, proles gregaria, or 
blastozoite.t dilTer.s from the asexual form, often called solitary, 


• De anitnalibwt quibiu>dam c classe Vcrmtttm. Ptirlin ISID 
t Imp terms hlastozoitfl and oozoito are in diffonmt f,ns.‘s bv 

diRi-rent authore, o-r. the blaatcEoile is applied to the sexu^il forin 
bo.ftUBe It 13 produ.-od by budding and to the .isexim! for.n ^ 

buda. It i3 best therefore to discard these terms U-eauso U 
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proles solilaria or oozoite, in a number of characters, among the 

most important of which must 'be mentioned the presence of 

generative organs and the absence of a stolon. The salps, as a 

rule, develop only one ovum {lasis produces several ova and 
embryos). 

^ The ovary is in the young form placed in the nucleus by the 

r^ht side of the intestine and is connected with the epithelium 

of the atrial cavity by a long stalk, consisting for the most 
part of a single 

cord of cells 
(Fig. 41). The 
opening of the 
oviduct will be 
formed later at 
the point where 
the stalk joins 
the atrial epithe¬ 
lium, on the dor¬ 
sal side of the 
atrial cavity, 
somewhat to the 
right behind the 

ovary from the nucleus to tL”d draws the 

acquires a lumen whirK ^°™al side. At the same time it 
now has the form of a cavity. The ovary 

atrium and ing into the 

oviduct loses ite onpni ^ Soon after fertilisation tlie 

of oviduct and sac^^coillrt^’l'^ epithelial waU both 

« O. b). eonstitutes the foUicle. of the ovum (Fig. 

o* branched tubular^^eWds * Pair 

the digestive organs * Th« ^ nucleus qp each side of 

^ongst other pointe of diff" atrium, 

aaeaual form atten^on between the sexual and 

onits ventro-lateralsurfa/'.A^K^^ c^ed to the adhesive papillae 
to Its fellows in the chai ^ r?u**^*^*' sexual form is attached 

Elated I " 

numerous and less dev«l muscles are less 

r^m ^ developed, and finaUy the vUual apparatus is 




60 


PHTIiUM TUKICATA (UROOHOBDA;. 


much more elaborate, consisting of eight pigmented stractnres 
on the dorsal side of the ganglion. 

The development takes place within the follicle described above and 
is remarkable for the fact that the follicle colls play on unportant part in 
transferring nourislunent from tho maternal organism to the embryo. 
They do this in two ways : (1) the follicle cells, on the side of tho embryo 
which future development shows to be ventral, proliferate and form a 
thick moss which soon assumes a cavernous structure. This is the pla- 
ctrUa (Fig. 43). Maternal blood passes through its spaces and it is con¬ 
tinually detaching small masses which, charged with nutritive matter, pass 
into the vascular system of the embryo and afford nourishment for the 
growing tissues. (2) The follicle-cells in other ports of the follicle pro¬ 
liferate and migrate in amongst the Mastomcrcs, ^tnih which they become 
inextricably intermingled, so that it is difficult if not impossible to dis¬ 
tinguish between them. These cells are called calymnocyttt {gonobla»ta). 
Their fato is much disputed, but there can be but little doubt that they, 
like the placental tissues, afford nourishnient to the growing embryo. 



clMTiR* o( 5a:po demt^atifa-mucroiiala (after Saloiuky from Kor- 
■chelt and He den. In J and B the ovidncl te oj.cn, Jn C Jt Ls cJoeed. and the ovidncel and 
«v 'i,.A to form the follicle, a atiml ejdthflium ; b fhorteoed 

me&tVl the 'placenta **'*’**'^™ ' ^ * calyiunocyice. In C. c polnta to the null- 


Many viowe have been held as to tho nature of tho calymnocj’tes. Sal- 
eii-^ky 18 of opinion that they actually form the embryo, and that the em¬ 
bryo of Salpa is a follicular bud and not a true embryo. Brooks thinks 
that for a tmic they actually form the embryonic organs but arc e% entuaJly 
repla.'ed and probably Cfuisuined by tho blustoroercfl. 

MejuiwhUo the embryo lucs boon growing and projecting more and rnoro 
UiU} tho atnal cavity. The follicle cells ond the atrial epithelium over it 
become thin and eventually rupture so that the en.brj o lies free in the atrial 
cavity attached only to the placenta (Fig. 43). 

The formation of the layers is impossible to follow, but the organa gradu- 
i l confused mass of cn.bryonic and folhcular 

u few points here 

but ^orof n® Salenaky, developed from the n.esoderm ; 

bu. Jorotoefl assorts that it arises as a diverticulum of tho ph«r^-nx wS 
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Later it becomes solid and detached Crom the pharyngeal diver, .cnlum^ 
which persists as the ciliated pit. The two sabneoral elands arise as 
two invaginations of endoderm further back whore the ganglion is in 
contact with the pharyngeal epithelium. The elaooblast (Fig* 43, tb) 
is a msflft of apparently large mesodermal colls in the nucleus in later 
embryonic life. The large cells of which it consists are filled with 
nutritive matter^ and it is probably to be regcirded as reserve of food 
material. A similar tissiie is found in the stolon of Pyrosoma, By 
Salensky it is regarded as a vestige of the tail and notochord of a 
larval stage. 

The stolon makes its appearanco in tho embryo as a diverticulum of 
the ventral wall of the pharynx between tho end of the endostylo and 



Kio. itfiffe of tho cmbiyo of Halpa d4mo<r<uita^muefonata (afterSolonBky from 

BChelt and Ifeldor). a atrial aperture ; tb elAoohloat , ed ; t$ oodostylo ; /! 

pit • i mouth ; k sill 5 m atomach caorum ; n ganglion ; oa ocaophagua ; p pcrlcardnim ; 
pUteota ; #f Btoloo \ t baaal plate of placenta. 


♦ho opeiii;ij' of tho oesophagUH (Fig. 43, sf). This soon raises tho octodorm 
and a arnall process of tho ventral body-wall is formed projecting into the 
tunic. As tills process lengthens a cavity apjH*ttrs botwoen it and tho tunic, 
and acquires an opening to tho exterior so that the young stolon lies in a 
tube formed by tho tunic. In some species this tube is directed straight 
forwards along the ventral aide of the body (Cyclosolpa jnrtna/a, b'alpn 
etc.). In others it is at first directed forwards, then turns 
left and runs backwards on tho left side of the nucleus, opening behind 
this organ (/aria ete.). In yet others (Fig. 39) tho tube winds spiral y 

round the nucleus {Thalia dcmocrotica^mucronaUi^ etc.). With later grow i 
the stolon extends beyond this tube and prujtH^tH freely iincovero ^y 
Later on the xooids produced on the stolon a<*quire tunics a resu o 
their own activity. Tho projecting part of the chain of zooid*> is usua y 
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in the form of an elongated band, bnt in Cyclosalpa it baa the form of a 
ring of from 8e^'on to twelve zooida ottucli©*! togothos. The first rudiment 
of the stolon contains, in addition to the ondodermnl tube, o mass of ">^ 80 - 
dirm derived from the mesoderm of the parent in the neighbourhood of 
the elaooblast and possibly from the oloeoblast it^self. Stolons a little 
older contain on the ventral side of tlie pharyngeal diverticulum a moM 
of cells called the genital cord, a pair of p^^ribnmchiol tubes, one on each 
Hide of the phar>mgeal diverticulum, a pair of mesoderm bands placed 
iminediatoly outside the poribranchial tubes, a nerve tube on the dorsal 
side, and a pericardial tube ventral to the pharyngeal diverticulum on the 
right side. 

Id addition thero are two bluod-ainusos, ono oi> the dorsal and the other 
on tixe ventral aide of the pharyngeal diverticulum ; these communicate 
' with each other ot the free end 

of tho stolon and proximnlly 
witli tho blood sinusea in tho 
body of tho parent. The neural 
and peribranchiiil tubes and 
mesodermal and genital bevnds 
are confined to the stolon and 
are not continuous with tho 
c ti.saues of tho parent. Their 
origin is doubtful : according 
^ to Soeliger they are all differ- 
ontiations of tho mesudiTtn of 
the stolonic rudiment ; accord¬ 
ing to Brooks the poriltranchiol 
ond neural tubes are derived 
from the ectoderm of tho huso 
of the stolon, while Korotneff 
maintains that tho peribronchial 
tubes arc dorivetl fioin tho en- 
doilerm tube. The fnto ^>f those 
^ ' atr (iiroa is 06 ^ b^Hows : f)io on- 

- cloil mal tube the 

no. 4 4. —Tron«v^r^*> section throuffh s yoimij i j , 

•tolnn of SaJpi nrHikis. from KolichMt uud give TiSVA tn tlie 

htu\ c t>crjbranohuU iiilio. ; fc digestive ijiual, the neural tube 

rterm ; eiiiioacnn tiU^? ; ^ Koiuui ruftj ; in , • i i„ 41 i- , , 

inoftodcrm bancj ; n nr>uial ; o upt>cr, th^ ganglion an<l ( ilinted 

u lower pit, the peribranchial tubes tho 

atrial euvity, while tlu* genital 

cord RivM tiso to tho genital <*rganH ami tlie nM‘Sui)la.stii' bniuls to tho 

muselesj porioaniium, heart, elaeobluHt and inohoderm geiuTulK' f«f tho 

fatxire zootds. 

In tho strurturo of tho stolon auil its relation to the parent, and in the for¬ 
mation of tho organs, tho budding of ailps is not unlike that r^ro.torno 
T^e pharjTigoal divortiruhim elourly corresponda to tho epiourdial tebe* 
The t^> proecBios differ mainly in the riuieli larger number of bud^ nru- 
ducod by aulps before separation from tie* stulon 

The formatu.n of the bud. takes pla- o in the following wav. The stolon 
^come. marked mto s^monts by transverse constrictions dua to unfuld- 
mg of the octoderin. The^e are nutnerotis (oO to 100). very close together 
^-l all appear at tho same time (Fig. 45). They are the bu’d. ^Yhic•h gradu¬ 
ally enlarge and develop mto the sexual zooids. All th. organs of the 


Wj 
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stolon are divided by the segmentation except the outer ectoderm, the 
blood-sinuses, and the endodermal tube. These are continuous from end 
to end of the stolon, being found in the narrow stalks which connect the 
buds as well as in the buds themselves (Fig. 45). The stolon has therefore 
now the form of a chain of developing zooida connected together, the dorsal 
etirface of one to the ventral surface of the next, by short nareow stal^. 
Meanwhile, the proximal part of the stolon, between the zooidfl and t e 
parent, has been growing, and undergoing a similar process of segmenta¬ 
tion into a group of buds. This process is repeated, so that eventuoUy 
a chain is formed consisting of groups of from 60 to 100 zooids. Tlie indi* 
viduala of each group are of the scone age, but the groups next the parent 
consist of younger individuals than the distal and earlier formed group^ 
As development proceeds a change in the attachment of the zooids is 
effected. At first they are arranged in a single row, the intermediate con- 
etricted part of the stolon passing from the ventral surface of one to the 
dorsal surface of the next (Fig. 46). Soon, as a result of growth, by whic 
the relations of the parts are changed, and of rotation, they become 
arranged in a double roW| the zooids of one row altornating with those of 




M 
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Fio. 46^DUgram repreteDilng s imIod of Salpi^ sa It would sppw 
of the iDdlvWuali were to take place (after Brooka, from KortcheU aod 
form (oareal); /. IJ. Hi. Afit. eecond and third group pi ^ 

In each group U much iTnallcr than actually occurt) , b. b.^ phsrya^ r , 
strlujD ; 4 dlgeatlve canal; €c ectoderm ; a/ elaoohlaat; m endoderm of the connecung 
•talks ; 4$ eodostyle ; g gill : h heart ; fi gaDglion ; o'" ovary. 

the other. Later the intermediate constricted part of the stolon, 
them, atrophies and the zooids remain adherent by processes of the bt^^ 
wall and test, which have become developed for the purpose. on 

happens the zooids of the group affected become detached from the 
mal part of the etolon and form u free-swimming chain of sexual 
all of the same age and connected by processes of the body wall 

The sexual zooids when full grown are of about the 
asexual. The ovaries ore formed early and the ova 

the testes are developed. Fertilisation thorolore must be effecteU y 
•parmatozoa produced by another chain. 

Oyelosalpa Blainville. digestive tube ninmng 
eoik)d up to form a nucleus ; the chain-forms ore u without 

circle. C. pinnolo Forsk., with linear b^ds. Z 

Uaoar bonds. Salpa Forskil, digestive tube Forsk. ThaHa 

embryo, chain as elongated band, S. afneana- 
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Btutnenbach. very like Sulpa, Th. dcmocraiica-mticronaia Forsfc Pegea 
Sav., very like Salpa hut with supposed tratvs •»! stijjiiuvta (hemitremata) 
on its dorsal wall. laMs Sav., like .'?«//«, hut witli sovoral embryos at 
different stages of ilevelopmcnt in the same scxiuil animal. 

The ai'vssnl form Octaciuiinus Moseley, dUcoveroil by the CUnUttiger 
Expedition and describctl by Moseley* is placed here; why, it is difficult to 
see, for it does not oppwir to possess any important salp-like feature. 
Oct-'icncmu-'i hythiu» .Mosoloy, body <i. toradiate, modusa-like. flnttimod 
antoro-post« iiorly, probably attached, ic^t pelntinous, thin, transparimt; 
pharynx with no ipmuta or openings into tho atrial cavity ; digestive 
organs coilo<l up to form with this nrprodurtive orpiuis a nuelous which is 
placed p< stv-riorly ; Ji. Pu i«i«\ Our knowledge of ita Htructuro is liinittMl, 
and nothing i' known ubo it its budding ninl reproduction. 

\ serooi iinperfoctly known <0101)101 speciost O. paUfjonirtt.ii.i Mubesilfo 
from l,<)00 fins. <jfl the coast <.>f P'ltwjoif'a has boon as-signed to this genus. 


Snb-'*rdcr C. Cyclomyaria (Doliolida). 

E.^rrel-sliapcd ThulUtcea U'ith thin fe-il, and phunjux irifh (wo 
rouM of ^f' linrJa on iLs rior wall. T/ie. a.'i(.cu<U form htis a 
OfaUral which hiul-i aiul produrc^ three kinilji of ‘ooui'i, one 

of which develops scj'O'iI organs. The mnscidar ritujs arc c.ompUic. 
ventrallfi (Did •. Uidcd hxnxi is nlwnys dcis-Iopal. 


D oh >n iv tran.s'^mrciit pelagic organism with a thin U\st in 
which tucie are n'> r»otopla«unc elonicnU and no f > Uiito.so. The 
dia'.yiiN irig. 4<)) occupi's the aaiterior jiart of Uie Ijody and tlio 
iLiiul awity ^ho ‘erinr. tl)e dige.stivo canivl and the heart (J) 
tugetht. wth, the .sexual fe m, the giinad.s i.i ing tiggr< gati'd 
togrdher u, an inooris-picuoup n.ie'o'js helund the phirvnx on tho 
vt-til-al .side <>{ the atrie' oavitv i tto \v!ii- h they projict. Tho 
inou'h \1) j nd atrial {]}) opening.^ a>'«‘ at opposite otuIh of the 
body ard leruiaial. .nd Ui edgo^ .,;i' .ire 1 ,l.ed. There are 
tent;vle 9 The dorsal tuhorel-; {22) i.s sm-rounded by the 
spirally coile<,l, dory-d ends ot the perip!m>-vngoa1 hands, and the 
plmrynx, which lias an eiul.stylc (3) but no dorsal lamina, 
prssess^ Oiny two rows of uiionn.tn plavul in its posterior wall 
{~0}. jhore is a ganglion and chwely adj.V'ent subneural gland 
(?/). Minch opens in front of the peripharyngeal band bv tho 
doical Inbende The mu.<cu!ar bands of the body-wall are 

in the form of complete lioops. of which there are nine in the 

{ll; Heraman 

t MotcaUe, Johru, Hopk,n> i'niv. Circ., P2, ISOtt. Fig. g. 
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asexual and eight in the sexual forms, the anterior and posterior 
of them acting as sphincters. A tailed larva is formed, and 
develops into an asexual form which produces a budding stolon. 
The buds are polymorphic, there being three kinds, one of which 
alone becomes sexual. 

The asexual form (Fig. 46) presents the following features; 


It has nine muscular rings, 
and the ganglion is placed 
behind the fourth. The 
mouth is surrounded by ten 
lobes, the atrium by twelve. 
There is an otocyst (4) in 
the body-wall on the left 
side wliich contains an oto¬ 
lith and in some species 
opens to the exterior. The 
body carries two median 
appendages, a dorsal one 
{cadoj>hore)y arising far back 
near the atrial opening (79), 
and a ventral one, the stolon 
(^), arising behind the fifth 
muscular band. The stolon 
will be described below. 
The dorsal process contains 
a blood space divided into 
two by a septum, and its 
dorsal ectoderm is columnar. 

In the sexual form (Fig. 
47) the mouth is surrounded 
by twelve lobes, tlie atrial 



Pio. 4 fl.—Diagram of a lonttitiiilliiBl-viTlicfil eco 
tion the itfcxiiaJ f'*riu ol 

Votioium {hiUsr Dt-lfttfo IMmuard). 

; tjKiuUi; 2 iMjriphArynkJOitI ondontylu : ^ 

4 otocyst : 5 heart ; 6 Mi pharyiitfcol ilivortl- 
culuni; 7 mesoderm ; A stolon ; 9 divertIculum 
from left side of cloaca lulo ^lohm ; JO 
ture of oesophagus ; /f pyloric gkniidrt ; sto- 
mooh ; i3 InUstlae ; 14 aiiiw . /.5 fiorve ; 10 isc- 
tile process ; /7 cxhslcnt aoerture J9 don^ 
appendsgo: 20 hinder wall «f nhnr^iix with 
sUgfuaU : 21 aubneural gland with cU^ciy 
adjacent ganglion ; 22 oipeuUtg ol duct of sub- 
Dciirol gland (dorsal tubercle). 


aperture by ten ; there are . , , • . 

eight muscular rings and the ganglion is placed behind the 

third. There is no otocyst. both the stolon and dorsal appen¬ 
dage are absent, and there is a greater number of stigmaU. 
There is an ovary and a testis, both unpaired ; they open a little 
to the left of the middle line behind the anus. 

The ovary never contains more than one ripe egg at the Hnuie 
time, but soon as this is expelled a second is formed, and after 
that a third. After tlie third egg is laid the ovary alK.pbios 
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and the testis ripens. The egg surrounded by its layer of follicle 
cells passes into the cloaca and thence into the sea. After 



Flo. i7.—Doliotum sosuft! form, from tho left sidn (after Ilordman). of atriat 

aperture ; at I atrial Inbea ; Iff mouth : brj buccal lobca; br$ pharynx ; dt duraal tiilicrcle ; 
trui eiidoatylc ; h buATt; i Intestine ; m 'muscular rinirs ; n nerv<»; ng gatiRliuu ; or ovary ; 
P&r ntrtal cavity; pp pcrkphar>*D9eml baud; $g stigmata ; igl subneural gland; so sense urgaos ; 
ff stomach ; let teatb. 


fertilisation it secretes a vitelline membiane and falls to the 
bottom. Here it develops into a tailed larva by a process, of 
which all the stages have not been followed. It begins to swim 
by means of its tail wliile still within the vitelline membrane, 



no. —Old Jnrva of OoKofum ehrtnhervu (after l lianln. front Kor*cheU ami Udder) eA 
notochord ; a doreal api.endairo; < endoatyle ; A heart and pericardium; m vltellme mem¬ 
brane ; n ganglion ; r nidlment of stolon (roeotte-shaped organ). ‘wmne mem 
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which eventually ruptures and allows the larva to go fre^^. The 
anterior end of the body assumes the barrel-shaped form of the 
adult, with ite dorsal process, but stil preserves its larval tail 
and notochord (Fig. 48). These eventuaUy atrophy, persistmg 
for a time aa a stump, which resembles in structure and position 
the organ called elaeoblast in the salps and Pyrosoma: 


n 



FIO 49.-Dor,al reRion of a 
ganRlion : nb Uraiicliml nerve. 


The principal features in the development are as follows. Cleavnfio la 
total and is followed by an invoginato gastrula. Iti the next stage observ^ 
the embryo appears to contoin three cell-groups winch constitute the rudi- 

mente of the nervous 
system, the roesodenn 
ond the notochord. 

The alimentary canal 
and endoderm are 
formed later as a se¬ 
condary invagination 
of ectoderm. The 
atrium is formed by 
another invagination 
of ^ectoderm. The 
nervous rudiment 
elongates. Its median 
part remains bulky 
and gives rise to the 

gangUonof the adult nnteri.jr end narrows, acquires 

and the subnoural glund (ventral lob ) , - ^ 1 ,,^ Bubneured 

alumen which opcuis into the pharynx, becomes narrow 

gland and the don,aI tubercle ; the The 

end persiste as the posterior r.oruon of the mosodonn, 

pericardium U dovch.pe.l as an excavation of « 1 

and the stolon is formed ns a Vico consists of u Bfiiall iiinHs of 

The stolon in its earliest stagi'in t ,„.ij.hbourhoo<I of the heart. 

growth., one fr.,^ t^e .ho 

the pharynx. These, , ventral body 

mesoderm, caiiso a projec | pierce, the 

ta.W.-PiobudofP^/to- '"‘■'‘‘iTfboH to aevL. The free end now 

Ism iliowlng tu trsM- pharyngeal ttiuos, wo which become 

ufUr Ul- into small bodies pr«buds 

JftQlii, Uotn Delftge and , ” * • i Unown tu* prooiuuf^ 1 

uCriiuAra>. ea Iranj* doUichod and ar m oovon cell fntwfioB Bur- 

of the OMudopodial activity of certain of t loi dorsal 

along the right side of the onimol to the doiw to twenty bvd^. 

procee. (Fig. 61). they divide mto fr-n ^oo^^ 

which attach themielves on oadi side of the mici 
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At^ohmeot is aa epiiheUol one; they perforate the tunic and their eoto* 
derm beoomee adherent to the columnar ectoderm of the dorsal aide of 
the stolon (Fig. 62). By the growth of the stolon in girth they become 

displaced outwards and give 
rise to the laUrat buds (Fig. 
62, O) of the dorsal stolon. 
As the stolon is continually 
gromng in length the buds 
which first nflix themselves 
are carried away from the 
body and now buds aro at¬ 
tached between thorn and 
the base of the stolon. Thus 
it happens that the buds 
incroose in ago as we travel 
from the body along the 
stolon. 

The'probuds which arrive 
first at the dorsal process 
give rise to lateral buds (O). 
Those which arrive later 
give rise to median buds, 
which are atiaohed nearer 
the middle line and ore not 
displaced so far outwards 
(Fig. 62. P). The fate of 
the lateral and median buds 
is os follows. The lateral 
buds dev^'lop into small 
doliolum ' like zooids with 
the rudinionta of gonetds. 
whiolj however soon atro¬ 
phy. and with a v. oll-de- 
voloped uliinontory canal, 
but without a closed atrial 
cavity (Fig. 62, O). They 
actively take in nourish- 
mont, and 8er\’e for the nutri¬ 
tion of the growdng stolon. 
They are therefore called 
ffastrozooids. They are in 
osmotic relation, through 
thoir epithelial attacluneni 
to the dorsal stolon, with 
the blood of the parent. 
This relation is of some im¬ 
portance, because the a- 
sexual parent {ootoxU) has 
lost its pharynx and diges¬ 
tive canal by atrophy uad, 
retaining only its nervous 
B>'Btem, heart, and musclsa. 
has bocome oonverted into 



nro 


Sir 

— Donsl view of ttte pcsterior pert of ao 
■Mxnsl fonn (DUtM>ol DoHotum ahowlof th« mlsm- 
U?u of the probutla (sfter Burrob. from Kor^chflt 
SDd HeMerf. /)at*rU buds , m medlsn budt ; mi 
S-S long poitertor muado hoopt ; p pcrt?*rdiain ; 
r roMtls-Khsped orgao ; u rsotrsl itolon ; W donait 
proMU ; « proboda wanderlsf oa the ventral !>Jde iff 
• •*' Proboda on the doraal (Ida, waaderlUB 
to tba doaal prosau; if" probade on the doraal 
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ft mere swimming organ (Fig. 53), which propels itself through tl. - sciv hy 
ex|nilaiiinof water from it.s atriul aperture like a ealp, and draws after itself 
the trailing dorsal stolon with its four rows of developing zooida. 

Tlie median buds 
develop into phoro- 
zooitU (Fig. 52). 

Those are , small 
doholuin-like croa- 
tums with long 
podiinclps of at- 
taohnicnt, with 

eight iniiHCMilar 

lioopH and with I ho 
rudimenta of soNiial 
organs, which how¬ 
ever m ion di.sa p|>i m r. 

As soon as they 
have rcochcil full 
duvolopiitont th«*y 
bocotiio dutachi-d 
an<l swi>ii fr«*cly in 
the sea. On «le- 
taclidieut oai-li of 
them piKSMCs-H^-.s on 
its vniitrul |H'ilutU'le 
ftpruliud wliii’h has 




Fio. 6$.—AmsiusI I 
4laf rorni of fMU 
40»UUtamtitm afUi 
*Vpljy ot tU sin 
oresns, alKn 
UMInfllng dorsal 
MIS with rows of L 

** tstsrsi Lud«. 


Kio ni.vT.oe .-f :» •lors;i 1 xi-w of t»io Horsal aprrnJaRC of 

f;. pJiero*" •Id.', Z'. a«“l 

ii* i;i\f fixr to Uk* sf.Miiil toolJ.s l><'lagc unu llw* 

oiianlJ rf un tUau •n'vUiUi UIvmIIhr vilm nliir spACC ol Uio 
doncil i.M.-rs-; re >i Ihickci.c-a dors.nj ccUidcTi.i ot 

r; li.ti riU l»ii«t« nt.istro7.ooi.ls). y pr.dm.ls I'lilcli will 
i-.tnu I. lli. iiiM lM ^ to tlic iKidneck-s of tl.c plu.r..7..-.|(l-s ‘‘’rm 

Roxiial 7 j«.)dK . /■ mi-dliui lmd.i< CphorosoouLs) , p/plnc^nta-llk® 
coiiiiDoti.iu of . rtodi riii of bud Ui ectoderm <*f * 

v.i>onl.»r rnvilv of .bTsiil a|.|smdsKe. Of» tli<- 
«• iir -till-stalks .'f tlic ilircc last nrtslr..i->«Mcl« ..cih ar.- eliown. 
I'J,. ,.li..r..*-.idsef the I. ft side are m 

n- (s the la.st u'.islro7»oid hut one ou the right si'le. He- of.itre 
arc ftIjuwH til Cktcmal view. 


travelled on to it from the dorsal process. Ihis 
probud tlivides into from fourtocMi to twenty buds 
which attoch themselves in the usutil way to the 
poditiiclc of Iho phorozooid. Here, during the froo- 
swimming life of the phorozooid, they develop into 
the sexual forrii. Tito sexual form tlien belongs to 
the sumo generation as tlto gastro/.ooid and phoro¬ 
zooid. 'J'heso three forms are all produced hy hutl- 
ding from the ventral stolon of the asexual form 
wliurli (irvdCB from the egg* 

To Huni up the matter, the life-Jiistory of 
Doliolurn is an example of the alternation of 
an asexual budding generation which proceeds 
from tue egg and of a polymorphic genera- 
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tion incapable of budding. The budding form is often called 
the “ nur.-^c ” ; ita buds have tlireo different fates according to 
the time at which they are produced. Tlic first formed buds 
become nutritive individuals. caUed gastrozooids or tropho- 
zooids, the next become phorozooids wliich act as foater- 
mothei-s to the latest formed buds, which in their turn beeomo 
the fully developed sexual animal (gonozooid). 

Tho budding of Doliolum, in the early detachment and Bubsequont fipeion 
of the hnd«, resembles that of tho DialomicUie. The fate of tho five eell- 
moascs found in tho young probud appears to bo as follows. The ntrlftl 
outgrowths givo riso to tho nervous system and muscles, tho i»haryngool 
outgrowtlis to tho pharynx, digestive tube, genital organs, and t}\o nieso- 
dorm mass to the pericardium. Tho atrium orisos as a dorsal invagination 
of ectoderm. 

Doliolum Quoy and Gaimard, 2 min. to 3 cm. in length, in most warm 
seas. The description of the sub-order applies to this genus. Thoro uro 
two other generu, but in neither of thorn is tho budding form known, nnd 
our knowledge is in other respects imporfoct. .4ncAmi<i Eseli., kru'wn 
only by fragments of tho dorsal appendage of the nurse. Tlio buds are 
arranged without rogulority on the dorsal appendage extending on to 
tho ventral surface ; the ventrol are tho old{>st. Tho ventral stolon appears 
to lie olong the dorsal side of tho proximal part of tho dorsiil appendiigo. 
Throe kinds of zooids iwo found up>on different fragments of the tlorsal 
uppciidago, on« of which is sexual ; the sexual form bus 4 musctilnr hoops 
and an S-shapod band on each side, 3-8 miu., Meditenr»inean. Dulchintti 
Korotnoff, known only by fragments of Hs dorsal appendage, on which no 
remairm of the ventral stolon have bwn found ; two kinds t>f zooids hove 
liOcn found, the phorozooids and the eexual zooids ; they closxdy ix'scmblo 
Doliolum and have 8 mviscular hoops and a portion of a ninth ; both kinds 
l>e<-omo detached and nwira freely, Med., found only once (1891) ot Nnplos, 
and ojvor since seen, 6 mm. 


Order 3. ArPENDICrT.AIlTAE (pERENKICHOIinATA,* 

LaRVV« EZ. C'OrELATA). 

Pdijgic TuniaUa of f^mnU size, with a -^tersistenl rxoiochord tind 
nnU/ tuxt gill-apertures. The gill-apertures and anus open directly 
U) ihc exterior. 


* Merteus, Beschreibung dor Oikoplojra, uinor neuon molluskengatt- 
ung. A/em. dt I'Acad. PeUrebour^ (h). 1. 1831, p. 206. J. Muller, Bericht 
ubtT einige neue Thierformen dor Nordsec. MiiHer'a Arch., 1846-7. Hux- 
Jey. upon AppenOicularia and Doliolum, Phil. Trans., 1861. 

r obaervutions on tho ntructur© of Appendicxilaria 

V.J A/.t... 4, I860, Fol, YAude^ aur lee Appirudiculaires du d6troit do 

d# la SoeUie de Phys, et d'HLsi. Kat. de Oeneve, 21, 1872. 
Uiun. Die Th**'rwoK in proaeeron Mt3or^tiofen, et<'. Pibliolheca 

Zov{o;ira, L !888. Id., Bor, uh. uo^h Conohsi'lien Ineoln aue^ofhhrto 

K pre^. Ahad.. 30. 1889 . p. 647. L. h nann. Die Appciulic- 
idanen .h r I hmkton-ExiH?<htion. Ergebnisar d. Plankton-EpedUion d. 
Hw,d.oldt-Su,tuno, 2. IKIUV Seehg,.r, Dronn'a Thicrrcxch. op. cit. 
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The Perennichordata are free-swimming pelagic orgaiiioins 
prpvided with a locomotory tail much longer than the body. 
They usually occupy a cavity, much larger than themselves and 
opening to the exterior at one or more points, in a gelatinous 
capsu'.e which corresponds to the test of other Tunicata (Fig. 54). 
They are capable of moving freely in the capsule by the undula¬ 
tions of the tail, and of creating currents of water which flow 
in and out of the capsule to 


supply them with food and 
oxygen. The test or capsule 
is readily cast off, and the 
animal then swims freely in 
the sea, with the hind end of 
the body forwards. But a 
new capsule is rapidly formed 
as a cuticular secretion, not 
of the whole ectoderm, but 
of certain parts of it (the 
BO-callcd oikoplasts). The 
test contains a few cells, but 
no cellulose has been detected 
in it. 

The tail, which contains 
an axial notochord and has 
two lateral cutaneous ex¬ 
pansions, is attached to the 
ventral side of the body at 
some distance from its hind 
end (Fig. 65) The mouth 
is at the front end, and the 
anus on the ventral surface 
anterior to the insertion of 



the tail, either in the middle 
lino or a little to the right of the middle line. The gill-apertures, 
often called spiracles, are placed laterally either in front of or 
behind the anus. The genital organs are in the hinder part of 
the bud; behind the insertion of the tail. 

The body-wall consists of a simple layer of ectoderm, thickened 
and glandular in places. There is no dermis, and muscles are 
usually absent in the region of the body, except in Me^aUpcercu^. 
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The whole body is pervaded by a gelatinous substance without 
nucleated elemeuts (excepting in the tail), but traversed by fibres 
which run from the ectoderm to the walls of the intern^ organs, 



and hoUowod out along certain tractR to form blood spacee 
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and the blood appears to be entirely devoid of cellular eloinonts. 
The mouth opens into a spacious pharynx (Fig. 55), and loads 
behind by a short oesophagus into a dilated stomach, from which 
passes forward an intestine to open on the ventral surface by 
the anus. The hind end of the intestine may be marked off os 
a rectum. There is no pyloric gland or liver except in SUyosoma 
and Megalocercus in which a gland, identified as liver, opens by a 
narrow duct into the stomach. The pharynx has, on the anterior 
part of its ventral wall, a short endostyle (o), consisting of a 
groove bounded by large glandular cells without cilia except at 
its front end. From the front end of the endostyle there arises 
on each side a ciliated band which posses backwards and dorsal- 
wards to join its fellow at the oesophageal opening. There is 
no dorsal lamina and no row of tentacles. From the hind end 
of the endostyle a ventral band of cilia, corres})onding to the 
ventral groove of other Tunicata, passes backwards to the oeso¬ 
phageal opening. In the ventral wall of the pharynx beliind 
the endostyle are the internal openings of the two gill-apcrturcs ; 
these lead into two short ciliated tubes which open on the ventral 
side of the body by the spiracles (70- There is a sinull ciliat'^d 
diverticulum of the dorsal wall of the pharynx, placed on tlie 
right side of the ganglion and corresponding to the dorsal tubercle 
of other Tunicata, 

The nervous system consists of a ganglion (Fig. 55) placed on 
the dorsal side of the anterior wall of the pliarynx, and of a 
dorsal nerve cord (d) which passes back from the ganglion on 
the right side of the stomach to the tail. In the tail, to the 
hind end of which it extends, the dorsal cord lies on the left side 
of the notochord and presents a variable number of swellings 
duo to the presence of nerve cells and called caudal ganglia. 
The number of these caudal ganglia varies from eight to forty. 
The first of them is usually larger than the otlieia. Nerves are 
given off by the cerebral ganglion, and by the caudal gofiglia. 
It lias been stated that the cerebral ganglion and domui cord 
contain a minute canal, but this is doubtful. 

Xlie poaition of die caudal nerve cord on the left ekl«» of tlii> n<»tocli<»rd 
has auggestod the view tliat the tad hae undergone rotation through UO'' 
so tliat ita true dorsal surface lias come to lie to the left. 

An otolithic vesicle (a) lies on the left side of the ganglion, so 
closely ia contact with it that at one place the inner wall of the 
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vesicle appears to be formed by the ganglion. There are no 
visual organs. The notochord {h) is confined to the tail. It 
consists of an axial hyaline substance of cartilaginous consistency, 
surrounded by a protoplasmic nucleated membrane. The nuclei 
project on the inner side into the hyaline axial substance. The 
musculature of the tail is well developed. It consists of two 
broad bands of muscular substance, one on each side of the noto* 
chord. Each band consists of an outer protoplasmic layer con* 
taining the nuclei and an inner layer of striated contractile 
substance. The nuclei are ten in number in each band, arranged 
in a row at regular intervals, thus indicating that the muscular 
bands are composed of ten cells. The limits of these cells can¬ 
not be made out in the adultthough it is said that after certain 
treatment indications of them may be seen as transverse lines 
through the muscle substance between the nuclei. (Fig. 65, it). 
It has been suggested that these lines represent the limit of 
segments and that the tail is segmented. This however is very 
doubtful. There is no correspondence between the caudal 
ganglia and the supposed muscle segments. 

The pericardium is a simple l‘^■itbelial sac placed on the ventral 
side of the stomach. Its dorsal wall is contractile and slightly 
invaginated into its cavity. A concave contractile lamella 
(Fig. 66) bounding a blood sinus, the dorsal wall of which is 
formed by the stomach, is thus established. This concave 
wntractiie membrane constitutes the heart. When it contracU 
it propels the blood from the superjacent blood sinus into the 
blood channels generaUy and so aote ae the central organ of the 
circulation. It is said to reverse the direction of ite action as 
in other Tunicatee, but this is doubtful. 


The waU of tho perioaKiium is a simple protoploamic membrone con- 

contains in ita out.er layer striated contractile 
^ ; It <^ere from the heart of other Tunicatee merelv in the small 

extent to which the dorsal wall of the pericardium is invaginated. 


The gonads are contained at the posterior end of the body 
(Fig. 66. /, g). Excepting Oikapleura dioica all meiabera of the 
poup are hermaphrodite, the male organs maturing first. There 
IS a single or double ovary oonUined between two testes. There 
w no o^duct. The eggs when ripe dehisce into the vascular 
cavity from which they escape by dehiscence oi the body-wall. 
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causing the death of tlie animal. The testes acquiie an oning 
to the exterior at the time of sexual maturity. 

Budding docs not take place. What little is known of the 
development * appears to indicate that it does not differ 
essentially from that of other Ascidians. The first Ajjpendicu- 
larian was discovered by Chamisso, who gave it the name 
Appendicularia. For a long time the systematic posit inn of 
these forms remained obscure. By many zoologists tljcy were 
regarded as larval Tunicates, but it was Huxley who (Its 
covered tlioir spermatozoa and to whom belongs the merit of 
having first recognized them as membci’S of tlie tunicate phylum 

Appendiciilarin Charn.i cupsxilo ovoid» stoiniioh unilobcd, rectum ennr- 
rnous^ testis single. Oil^pUura Mortens, cupsulo large, stomach bilobod, 
mouth with ventral lip (Fig. 64); tail very long. VtxiUoria J. Muller, 
special muscloe traverse the body and arc inserted on to the viscera. Stego-^ 
soma Chun, capsule unknown, stofnacli witl) liver, aurfacc-watora end deep 
sea to 1,000 fms. Megalocercus Chun, the largest of nil known genera, 
length of body 8 mm., total length 30 mm., capsule unknown, with u body- 
wall musculature similar to that of the Snips ; Tiled., 000—1^00 fins. Folia 
Lehmann, capsule unknown, tail long, genital mass single ; Atl. AUhoffia 
Lehmann, worm parts of Atl. Fritillaria Q. and CJ., body elongated, con¬ 
stricted in the middle at the attachment of the tail, a fold of the dorsal 
integument forming a hood ov'cr tlie head (Fig. 65), testis usually single. 
KowoUvskia Lahillo, copsiile largo with single orifice, and interior marked 
with projecting ribs ; ondostylo, peripharyngeal band, pericardium and 
heart absent ; pharynx with 4 longitudinal rows (a dorsal and ventral on 
each side) of solid, ciliutod comb-liko processes which act as Btraiiicrs ; Mod. 
and E. Ail. 


• Goldschmidt, Diol. Csntralbl., 23, 1903, p. 72. 
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Unaegmenled Chordata with a tripartiU division of the body 
and coelom, a dorsal 'preoral lobe, and a notochord-like structure 
which is confined to the anterior {proboscis) region of the body. 
Pharyngeal branchial apertures are present in all except Rhab- 


dopleura. 

The Enteropneuata are Chordatea * which present the fol¬ 
lowing important features. The body is divided into three 
regions, the proboscis which is a dorsal preoral lobe, the collar, 
and the trunk. In the anterior part of the trunk paired lateral 
apertures—the gill-sUts—are present putting the alimontaiy 
canal in communication with the exterior (except in Rhabdo- 
pleura). The coelom, in the coses in wliich its development is 
known, arises as five diverticula of the embryonic onteron, 
viz., one unpaired pouch, which extends into the proboscis and 
is called the proboscis cavity ; one pair of pouches which occupy 
the collar-region and ore known as the collar-cavities ; and 
finally a posterior pair which occupies tlie whole of the trunk 
region and constitutes the trunk-cavities. The proboscis cavity 
opens to the exterior by a single or double pore ; the collar 
cavities each by a pore ; while the trunk-cavities are devoid 
of an external opening. 

The anterior part of the alimentary canal sends into the base 
of the proboscis an unpaired diverticulum which has a charac¬ 
teristic structure and has been identified as a notochord. The 
central nervous system lies in the ectoderm, and there is a special 
concentration of it in the dorso-median line of the collar. This 
concentration comes, in the majority of forms, to lie in the 
wall of a canal which is open at both ends. There is always a 


• See vol. 2. ch. L 
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system of tubes winch are identified as vascular, and in all there 
is a curious organ in the base of the proboscis which consists 
partly of the before-mentioned gut diverticulum and partly of 
vascular and glandular tissue. This organ is called the central- 
or proboscis-complex. A remarkable feature of the phylum 
and one which it has in common with the Cephalochorda is the 
absence or small amount of stellate or other connective tissue 
colls between the coelomic epithelium and the epithelium of 
the ectoderm and endoderm (p. 91). 

The group Enteropneusta was established by Gegenbaur in 
1870 and was placed among the Vermes. They have been re¬ 
garded by some authors as especially related to the Nemertines 
and by others as possessing leanings towards the Annelids. 
Metschnikoff * in 1869 pointed out their resemblances to 
Echinoderms, while Gegenbaur (1874) and Huxley t (1877) 
were the first to call attention to the Tunicate affinities, Huxley 
going so far as to include the two in a new group, the Pharyngo- 
pneusta. The connexion with the Vertebrata was suggested 
by Sedgwick % in 1884, and their inclusion in the group Chordata 
was accomplished by Bateson in 1885.§ 

Tho Echinoderm affinities first pointed out by Metschnikoff luidoubt^xily 
exist and are dealt with below (p. 90) and in tho section dealing with 
affinities in tho general account of Echinodorms. Tho suggested affinities 
With Phoronis are discussed at tho end of this chapter* 

The phylum is divided into two orders, tho Balanoglossida 
and the Cephalodiscida. The establishment of tliese orders has 
been necessitated by tho discovery of the genera Pfiabdopleura 
and Cephalodiscus, wliich present all the important Enteropneust 
features (except the gill apertures in JRhabdopleura). 

A groat variety of names has been proposed for tlio phylum hero caUod 
Enteropneusta. We liave selected Gegenbaur's term on tho grounds of 
priority and usage. The discovery of CtfthalodiscxLB and Rhabdcplcurap 
and consequent necessity for tho establishment of two orders witliin tlio 
phylum, have induced some authors to restrict the terra Enteropneusta 
to the forms which wo liave hero included under Balanoglossidap and to 
employ emother name, Homichordata, for tho phylum. We object to this 
terminology for two reasons ; in the first place Ctphalodiscxis is us much 

• Uober Tomaria, Nnchr, K. Oes. If'iss. ti. Univ, Oottinyerit 18C0, p. 287— 
M2, and Z. /. w. Z.. 20, 1870, pp. 131-144. 

t jQurf%al Linn. 8oc.. Zool., 12, 1877, pp. 100-220. 
t 24, p. 70. 
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ontcropnoust as lialanoglossiis or Ptycbodcra and lopicMly be 

divorced from tlio group to which that name J« npph<Hh In the second 
place, Homichordrtta is a bad terra, because it is not rertmn that tho struc¬ 
ture identified ns notochord Ls really such, and bociuiKO, oven if Jt is a nut^i- 
chord. it connot fairly be said to be “ /icmi.” It might perhaps ho tenim 
“ probo/ici," but no one, so far ns wo know, has suggested this or opphou 
tho name ProboacichorJata to tho phylum. 


Order 1. Balanoolossioa.* 

Enteropneusta ivith vermiform, elongated body ami many gill- 
apertures and gonaibi. 

Tho Balanoglossida are bilaterally symmetrical vt'rmiform 
animals, which live in sand or mud in the sea. They have a 
soft ciliated skin which has the property of secretin" mucus, a 
muscular contractile body wall, and are often highly coloured. 

The body (Fig. 56) is divnded into three regions, the proboscis 
whicli ia the preoral lobe and overhangs the mouth, the collar 
{hr) and the trunk. The mouth is on the ventral surface at 
tho junction of the proboscis and collar. It is a wide opening 
and leads into a straight alimentary canal which cnd.s at llie 
hind end of the body in the wide, terminal anus. Tlie liind end 
of the probo.scis (Fig. 50) is narrower than the rest and forui.s 
tlic stalk by wliich it is attached to tlic collar region. The anterior 
end of the collar projects forwards as an annular ridge wliicli 
completely surrounds this stalk and the mouth. It may there¬ 
fore be said that the mouth is directed forward ; its dors 'l .side 
being formed by the proboscis stalk, and its ventro-latcral walls 
by the ventro-lateral portions of tlie free upstanding edge of tlio 
collar (Fig. 60). The posterior part of th<* collar likewise projects 


• Job. Slullor, Uob. d. Larven u. d. Motamorjthoao dor Eeliinodurmon, 
Th, 2.. Akad. d. U iWtwcA. lierlin, 1849, 1850. A. Kowalevski, Anatoiuio 
(lo.s Balano<jloi.aua D. Cli.. .If.Jm. dc VAcad. impvr. dra Sc. St. Pitersbourg, 
10, 1800. .V. A^a&^i?., Tlio lliiitory of Balaiiogioftaue and Tornario jl/rm 

of lU American .-lead, of Arts and Sciences. 0. 1873. \V. BaU^son, A Sorirs 

y*'*’I**’S in tho Anatomy and Devolopmont of BidanoKlosaus in tin* 
9 J.ilf.S., 2^ 25, and 20, 1884—6. J. VV. Spenjiol, Dio KatcropnniiHtoii. 
Pauna und Flora dca OoJfea von Neapel, 16th MonoRrnpli, 189.3 lil Dio 
BenennunR .Icr Enton.pnouston Gattungen, Zool. Jahrb., Suaf., 15. ino? 

oto.. ii., iii., iv., Zool. Jahir., .4nal., 2b. p. l! 
p. J15. p. 413. J. P. Hill, The EiUoropnouata of Fimnfuti, Afenwira hw- 
fra/.aa 3. 1898. pp. 205 and 335. A. Willey. Euler,.pnonsta 

from tho S Zoological Resulfa, pt. 3, 1899. p. 32.* K. C 

Pnnnott. Pho Enteropneusta, r?ardinrr‘« Foima and Gcoqniphy of the Mal- 
dne and Lneendire Archipclagoea. vol. ii. pt. 2. 1903. p. 031 K W Mae- 

^ Monograph on Balar,oglo««us, <^../.M.S., 30, 
vol 7 1904 p i ■ Honnehordnta, m Cambridge Kutural History 
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slightly over the anterior end of the trunk, so that there is a 
circular groove at the junction of t!»e collar and trunk. In 
some species this huid end of tlie collar may project so far back 
as to cover three or four gill slits {Dolichoglossus kowaUvsku), 
and in this case the projection has been called by Bateson the 

atrial fold, and the space 
which it encloses the atrial 
cavity (cf. AmphioxiLs). 

The trunk itself is also 
indistinctly divided into re¬ 
gions : these are the bran- 
chiogenital immediately 
succeeding the collar (Fig. 

56. k, <j) ; next, the hepatic 
(v6), in whicli the intestinal 
walls contain a green or 
brown pigment; and lastly 
the abdominal region which 
forms the hind end of the 
body. 

The branchiogenital re¬ 
gion possesses in its anterior 
part on eacli side of the 
dorsal middle lino a doubh; 
row of pores ; these are the 
branchial pores which place 
the gill-apertures of the 
alimentary canal in com¬ 
munication with the ex- 
leiior. The branchial pores 
arc placed in a slight 

Kroove, tlie hra,ichial groove. PoBlcriorly tl.o 

region i» without braii<.lii.a apertures. Tlie genital iirgmis are 

also found in tlie lateral walls of tlio liudy in tins region. 

The skin coniiists of a layer of eiliated epidei nii.s or ee oi eri 
beneath which is a struetui. les.s hasenient nielill.rnm . le 
cpidermU i» in most parts u tliiek layer and ap,iears t,i er.nsist 
of very long and narrnw cclLs, extending indeed Winiiigh I i 
whole thickness (Fig. 87) with interspersed unicellular gl-m. 
Moreover the nuclei occur at dilfcrent levels, thus suggestni). et 


Fill k0icatec9k'ii (aftf’rA. Arhs- 

KorJiKOt Hoi.ton. t ; 

collar • k aiilorlor pari branchial . 

region; di^ dorsal, vcnlr.l .mdaio 

iJtic. 
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arat flight the view that the epidermis is many-layered. These 
long cells, into which the epidermis breaks up when teased or 
otherwise ill-treated, are connected together by numerous 
lateral processes (Fig. 67), and are prolonged internally into 
fine fibres which enter the nervous felt-work found in the 


deeper part of the epidermis over the greater part of the body. 
The thickness of the epidermis and the number and disposition 
of the gland cells varies in different places. The muscles and 
connective tissue are entirely derived from the walls of the 



Fio. 67 .^Pr«p 4 rAtIoD 9 of the epldermLi of the coU^ of 

BeieeOD). A. % tlmlUr preparatiot 


more tUghly taaffnlfled, ahowlng the long ipindJe-g^pod 

CSlS* portion opJdermi 

t^ed aad pnuod oat, ihowlng eloQ«at«dlMUB unltwlat thel 
oQter eodi by numeroui ooanocth)Dia 


coelomic sacs and 
will be considered 
in connexion 
with those struc- 
iurea. 

The nervous 
system. In the 
lower stratum of 
the ectoderm just 
external to the 
basement mem¬ 
brane there is the 
feltwork of fine 
fibres almost en¬ 
tirely without 
nuclei, which has 
just been men¬ 
tioned, This tis¬ 
sue is supposed to 
be nervous in 


function and 

strongly recalls the corresponding layer found in many 
Nemertini. It is thickened along the dorsal middle line of the 
^Uar and trunk and along the ventral middle line of the trunk. 
The^ constitute the dorsal and ventral nerve coids (the collar 
portion of the dorsal cord is invaginated, see below). They are 
connected at the junction of the coUar and trunk by lateral 
oommiBSurea which like them are special concentrations of the 
nerve plexus and Ue in the ectoderm at the base of the coUar 
or atnal groove. The dorsal nerve cord extends forwards on to 
the base of the proboscis to become continuous with the general 
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epidennal nerve-plezus of that organ. This is specially de¬ 
veloped round the stalk of the proboscis to form the somewhat 



WlQ. SB .—TnoAVOfM sectJoo through the colUr nerve cord of Olo$$obal^nu$ tamUnHs. 
•howlog the central caoal c with lU cutleular lioJog ; ga gUnt gaogllOQ celJ» dw dorsal root, 

iU'defined structure which is frequently spoken of os the proboscis 
nerve-ring. The part of the dorsal cord contained in the collar 
has different relations from tlie rest of the nerve trunks. It 



»IO. 60 —*^tuvene Mctloo or tho co>l»r nerve eord of (HotMo^alanut mfnu/uf (after Snenselt 
■Iwwiag two of the UoUtad cevlt4ee wJUi their cuUcuJar lining and the radiating bn» ear- 
rounding them; ne canals in the dhroue lubetaocee which contained proccaaca of the giant 


lies in the ventral wall of a tube or rod (Figs. 68, 69, 60) of 
ectoderm which is derived in the embiyo from the delamination 
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or invagination (according to the species) of a dorsaJ median 
tract of collar ectoderm. This ooUar nerve-cord, which is called 
the medullary cord, is always continuous with the outer ecto¬ 
derm at the front and hind end of the collar (and in some species 
by the dorsal roots, see below). At these points (Fig. 60) there 
is almost always a canal—the medullary canal—which in some 
species is continued through the whole length of the cord. Tlie 
central canal, whether it is confined to the anterior and pos¬ 
terior ends or extends throughout the whole length of the cord, 
opens to the exterior by the anterior and posterior nerve pores, 
the former being placed at the base of the proboscis stalk within 
the anterior projecting rim of the collar, and the latter at the 
bottom of the groove (atrial) which is found at the junction of 
the collar and trunk (Fig. 60) 


Tho fibrous matter of the trunk dorsal nerve-cord is continued along the 
ventral side of the medullary cord. In the genus Qlo$tohalanua, hi^wover, 
the flbroiix mutter is continued right round the medullary cord, being found 
on its dur.Hul surface also (Figs. 68, 69). 

In thoH> IJ41.SOS in which the central canal Is not present as a continuous 
ini'**', it tippeursi to bo reprosontod by a number of isolated cavities which 
are ft’y a»irr<uuidod by elongated radiating colls.* In SchizQctjrdiwn 

pvnivlanuni and mercchkovakyi the medullary cord is quite 

solid, Ihuru being n»Mtl»or neuroporos nor isolated cavities. 

'idf-ro is fn'qif.Tvtly prestmt at the anterior and posterior onds of the 
metliillary I'ord an ectodermal pit. with tlio ectodermal lining of which the 
nerve cord is e''ntiuuous. The anterior and p>>6terior nouropores when 
pn>F“rif iifH*!! into those pita, or if the cord is entirely solid, ae in tlio two 
Bf-e- lea j>wt named, the iiiiHiullHry cord is continuous with the oct^«derm 
lining them. It is difficult to nay whetlier the pits should l>© rcgi\rdod as 
Wirrninal parts of the central canal or as uidepondont structures. Some 
importance lias been attached to them by Spengol, but os in iiuiiiy caaoe 
it is oxcwdingly difficult to distinguish them from the adjacent parts of the 
me lulliiry canal, it is perhaps better to regard them as the tonnimu ami, 
if ttio contral canal is olsowhore obliterated, os persistent portions of thiB 
canal. 'Diedorsal nerve cord has the samerelation to those pits as it lias 
to the cord. i.o. it lies in their ventral walls. They are somotimos dilntofl 
and the anterior pit may project backwards so as to overlap th(. dors.,' 
side of the adjiu-ent port of the medullary cord (iSpen( 7 eiio alba, iSchito- 
cortfiura), thus recalling in semo degree a cerebral vesicle of the vertebra a. 


hnv 


m 


The condition of the central canal varies much even in different epecicc 
of the muno genus. It is present os a complete canal, traveraing tlie whole 
len^h of the tnciullury o<.rd and opening at each end by a neuroporo, only 
mjhe gei^ Ptyrhodera (Pi. flava, erythrea, bahamewns), in OlosaobalantL 

• lu dome ca^ these isolated cavities are said to coexist with a contra! 
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•omtetwi*. hedleyi, ruficoUie, and in Balanoglo$8Us aptrtua. In other species 
It 18 as a rule only present at the anterior and posterior ends, beim? repre- 
“ t'je nuddle by a number of cavities (sometimes arranged in a 
^ble row t^. 69] ). In two cases, already mentioned, aU traces of the 
canal ^ abwnt (unless the anterior and posterior pockets are 

In the Ptychoderidffl the dorsal side of the meduUanr cord is 

ectoderm by a variable number of 
cords which constitute the dorsal nerve roots (Fies 60 S) 

r r rj xr! 

curved. In the other faiSlies domT^rit backwards or even 

fcems to be a trace of one sucTstmS^T^*! Them 

m Spengtlia poro^a. In DolichoaloM^n^ t ^. however, reselling the skinl 

^ does not reach the epidermis 1?^* Projection, which is soUd 
consist of cellular prolon^ions of roots whether solid or hollow 

Which is a prolo„^tion“of ->ated with fib^ 

rtLT the tn.„h ■ 

“ partially 

-“Ob an inva^tloTbrthe^^ ^ 

the gland-free nerve-oSrf ^ ^bo sides offl!!^ 

®°*®<*oroi of the floor of be mentioned ffc 8*^ve over 

free from gUmd cells. ‘bo coUar^^ *be 

■""“UonwJ. abrnu- ® ^^y “bound in the roof or ieee 

® ventral o 
medullary 

prooesses from branch in it of tho 

the ba^^t rm?r^- - 

do not apoear u. . ^ “‘“olcs. 
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The alimentary canal extends as a straight tube from mouth 
to anus. The mouth (p. 68) leads into a wide tube which traverses 
the coUar region and is called the buccal cavity. Tlie buccal 
cavity passes at the junction of collar and trunk into the 
pharynx in the side walls of which the branchial slits are placed; 
this leads in the hinder port of the branchiogenital region into 
the oesophagus which passes behind into the intestine. The 
anterior part of the intestine is distinguished as the hepatic 
intestine from the posterior part which opens by the onus. The 
part of the intestine next the anus is dLstinguished as the rectum. 
The wall of the hepatic part of the intestine contains a greenish 
or brown pigment, and in the Ptychoderidaj and in Schizocardium 



Fio. —'DiifcRraminaUo longiludlnal-TerticAl sccUonof Ptychodrra (from MacBrldo). C col* 

l 4 f ; Pr proUoacls ; Tr trunk. / proboecLs coelom ; 2 niomcrulus ; 3 hf^rt; 4 pericardium; 
6 probneeb pore ; ^ coUaj coelom ; 7 colUr ner>*e‘Conl; $ dorsul nor>*e root* of 7 ; 9 dorMi 
bluod-Te«Ml; JO dor»4l mesootery ; W cxteruftl opening of the braocbtal sac (uot de^ly 
abowD). 12 1J«chapcd Internal opening of the samo ; 13 ventral blood-vessel; 14 veiitrw 
part (hypobranchial groove) of th<* branchial region (pharynx) of the alimentary canal; 
IS dorsd part of the branchial region of the same ; 16 buccal cavity ; 17 mouUi; JS noto¬ 
chord : 19 cuticular sheath of the aame; 20 ventral pocket of proboscis coelom ; 22 ventral 
mesentery of proboscis coelom. 


possesses on each side a row of hepatic diverticula which cause 
the hepatic sacculations of the body wall visible in these genera. 
The alimentary canal is lined by a more or less columnar epithe¬ 
lium and is ciliated throughout. It is attached to the body wall 
in the dorsal and ventral middle lines by longitudinal mesen¬ 
teries ; which however in the adult are deficient in certain parts 
of the body (see below, pp. 87, 89). 

The buccal cavity gives off from the anterior part of its roof, 
in the dorsal middle lino, a forwardly directed csecal diverticulum 
(Figs, 60, 64), which, following Bateson, we shall call the noto¬ 
chord. The notochord is a tubular structure which extends 
through the neck of the proboscis and projects into its base. 
It is dlvisiblo into two regions : the narrower neck which lies 
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in the stalk and opens into the buccal cavity and the wider 
head which projects into the proboscis-cavity and in which the 
lumen may be much reduced and not easy to see. At the junction 

of the two there is a ventrally directed caecal diverticulum (Figs. 

60, 64). The walls of this structure are formed of endoderm 
which is continuous with the epithelium lining the buccal cavity 
A,Tid consists of cells which have undergone a peculiar modifica¬ 
tion, very similar to that of the notochord cells in Amphioxus 
and in the embryos of the Vertebrata. That is to say, they are 
much vacuolated and the protoplasm and nucleus occupy but 
a small portion of them. There is a basement membrane roimd 
the whole structure. T his , which may be compared to the 
sheath of the vertebrate notochord, is much developed as a 
skeletal tissue ventrally and posteriorly (Fig. 60, 19, Fig. 64, n). 
We shall describe it later on. 

There is considerable variability in the structure of the notochord. In 
transverse section the neck is often semilunar, but its cavity may be broken 
up into several separate spaces. This is particularly liable to happen in 
the neighbourhood of the ventral appendage which in some species is very 
manively developed- In some species portions of the proboscis skeleton 
may penetrate the substance of the notochord (Harrimania kupfferi, 
Balanoglo»»us biminitnw). In Balanogloasu* eamosus some of the noto¬ 
chordal cells lining parte of ite lumen, which ore quite cut off from the rest, 
are densely ciliated- In the same species the hind end of the notochord 
splits up into three minute tube* which unite again before joining the 
mouth. 

In Stereobalantu canadensis the neck is absent, and the head is therefore 
quite disconnected from the buccal waU. Speaking generolly, it may bo 
said that the notochord behind ite ventral diverticulum or caecum, quickly 
loses its chorda-like character. It is intorosting to notice that it is in 
this posterior portion the skeletal development of the sheath is foimd. 
May we draw the inference that anteriorly it has a supporting function, 
while posteriorly this function is taken over by ite sheath ? In SeJnzo- 
cardium, Olandieeps, ond Spengelia the head is continued forwards as o 
narrow process which traverses the axis of the proboscis ond is either soUd 
or contains a smaU indistinct lumen. This anterior extension is called the 
ftrmllorm proesss of the notochord. The ventral caecum of tho noto¬ 
chord ^equently has a considerable lateral extension, whence oriso ito 
lateral pouches (e.g. OlossobaXanus rufieoUis). The lumen of those struc- 
tun# i# ofton out off from tho mftiu lurnou* 

The pharynx. The anterior part of the branchiogenital region 
is occupied by the pharynx, which, afi in other Chordata, con¬ 
stitutes the branchial • portion of the alimentary canal. The glU- 

• Punnett suggests, os it seems to us with some truth, that the ftmction 
of the branchUl wall with its perforations is more that of a sieve than of 
a branchial organ, allowing the water which enters by the alimentary 
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apertur6S are, except in Ptychodera, and SterechaJanus eatuidensis, 
tubes, which lead outward to open externaUy by the branchial 
pores placed in the branchial groove on each side of the middle 
dorsal line. The internal openings (gill-slits) are U'sliaped, the 



Fio. miiiur««. transverse section tiirnunh U)« branchlnl reelon somewhat 

disur.miitiatlc (alter Sjtcnjsel troin l^ng). I tlorssJ nerve cord; f OorsaJ Mi.od vtasel - J hran- 
(siihtDi diab) gn>ove ; 4 ectoderm ; i KonnJ ; 6 liinRittidinal iiimcivvi o{ botlv-wnll- 7 von- 
tnil vvsa.-i. 4 ventral nerve coni; ff trunk c«»elofn ; /rt gonlUl pore ; )l l.ranchlAl ix’irc • It 
tongue Ur coQUinlug extension o| trunk wlurn ; JJ p.iral.ranchlnl ndg.* ; unniarv or 
septal lisr. l.e. portion ol woU of phnrj-nx intervening Utwcvn two successive rli-lu- IS 

dorav pnrt -f cavity of pltsrynx; J6 liypobninehlnl groove of pliaryiLX. In tliis region 
very iftf«>.*!)• a^\ eloped. vmvu 


dorsal margin having a tongue-liUe projection, forming a tongue- 
bar (Figs. 60, 62) as in Aniphioxus. This leads into a pouch 


rich plexua of blood voaseU, would act aa tho main organ of roepirotion. 
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having tlio sanio vertical extent as the gill-slit and placed close 
to the pharyngeal wall (Fig. 61). This branchial pouch opens 
to the exterior by a small aperture—the branchial pore. The 
whole branchial passage is lined by endoderm and is developed 
as a pharyngeal diverticulum. In the forms just mentioned, the 
U-shapod gill-slits open directly to the exterior and there are no 
branchial pouches or pores distinct from them. This is due to 
the fact that the original pharyngeal outgrowtli remains short and 
its external opening becomes as wide as the internal. The gill- 
apcrturcs arc added to throughout life and arise as small round 
])erforations at the hind end of the pharynx. The tongue is dc- 
vcbipcd as a down-growth of tl»c dorsal 
w'all as in Amjihioxus, but hangs freely, 
not M in that animal becoming con- 
luu led with the ventral margin (b'igs. 

(iO, 62). It receives a prolongation of 
the trunk coelom (p. 92). Synaptlcula 
(l-'ig. t»2) arc present in some species, 
traversing the two limbs of the U*sliaped 
aperture. They arc connected to the 
toiigiH* bar, and vary considerably in 
number in the different species; in linl. 
rnmnsus there may be os many as .‘ID 
on each side of a tongue bar; 10 to 
11 seems however to be the ua\ial num- 
l)cr. Tlicy are absent in the Harri 
maniidac and in Ghtndiccpa. In most 
forms the gill - slits arc not rjuite 

straight, being slightly bowed with tlio coneavit^' dirceted 



h-5 


mmm. 


Flci. 62.^1 >iAf;rain of iwo cill* 
A)it5of PlyrhoiUra viowtHl irom 
the iuocrt»id<^ (from MAf'lihdv). 
/ . 2 l< nffuo'bar, 3 

nyimplictihmi: 4 HOptd or 

|iriiiMiry buf: •» Rkch tal ro<l c‘ 
prim ir> b.ir vt'Dlmlly; 

0 hkolet.tl roil t'iiiKUi^'hur, 
double. 


forward. 

The successive branchial pouches are plac ed close togellior, 
aiul their oppi*scid w'ulls constitute the branchial srpla. The 
(irst of them always receives the o 2 )cnlng of the collar i>oro 
(see below), and in Hal. canwsus the first bram^lpial j»oic opens 
into the hind end of the medullary canal. The gili-apcrturos are 
very numerous. The number varies of course \N'th tlie giowth 
of the animal, and appeal's to be highly variable in tlie different 
species. It varies from 10 or 11 pairs, tlie number found in 
DolicAojlossua eulcatus, to 700, the number recorded for Bal. 
auratUiacus. 
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The walls of the pharynx are supported by a definite skeleton 
recalling the branchial skeleton of Atnphioxus (see p. 91). 

The gill-slits of the two sides are separated from one another 
dorsally by a narrow streak of endoderm called the epibranchud 
streak (Fig. 63, 7). Their ventral extension is more variable. In 
Schizocardium they almost meet ventrally, being separated only 
by a narrow band of endoderm which is called the hypcbranchud 
streak (Fig. 63, C). In Dolichoglos 8 tL 3 and Qlandicepa they 
extend half way down the pharyngeal wall, being separated by 
a wide tract of continuous endoderm, which may also be called 
the hypobranchial streak (Fig. 63, A and B). 

Lastly in the Ptychoderidie and in Spengelia they only extend 
half way down the pharjmgeal wall, and the hypobranchial 
portion is wide as it is in Dolichoglossus ; but at the junction of 



Fro. ft3.—Dla?«ma of tranvereo «orUon through the pharj nx A of Doliehnttoiiu$ B of Glandt- 
opt. C of SeAwfanfiuTii. showjng the vertical cutout of the giU-illta. I Ehlbranchlal 
streak; S portion of pharyngeal wall perforatod sUta: S allinontary canal • 4 
hypobr&QctiUl strcAk (Crom MacDrldc}« * 


the two part6 the lining of the pharynx is much thickened, form- 
ing the so-called parabranchial (Fig. 61, 13 ) and its lumen 

is constricted in such a way that the whole pharynx has in 
section a figuro-of-8 shape. The result of this arrangement is 
that the pharynx is almost divided into two tubes—a dorsal 
tube in comiexion willi the gill-slits and a ventral tube com¬ 
parable to the hypobranchial streak of other forms. In 
Glandic^ps two conditions are found ; in some species the arrange¬ 
ment resembles that found in DolicJlogloss^ls, in others the 
condition described for Schizocardium is repeated. 


It seoma obvious to compare the epibrancWal streak with tho hvnor- 
phai^^al groove of Amphioxus aiui tho hypobranoliiol which^eo 
ruvich develop ,n Ptyrh^era and Spenodia with t»io hypoplmryngeal 
o r endostyie* of that form. The pharynx someti^ retSL^Ite 
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disHncfcneas for a short distunco boliind thr giil slits as a groove on the 
dorsal wall of tho oesophagus ; this has bee* called the postbranchial canal. 

The pharynx is followed by the oesophagus (or afferent in¬ 
testine as it has been called), which extends throughout the 
hinder part of the branchiogenital region and leads into the 
hepaffc intestine. This structure occupies the anterior part of 
the abdominal region of the body and is distinguished by the fact 
that its walls contain green or brown pigment globules. In the 
Ptychoderid e and in Schxzocardium it gives off tlie hepatic 
diverticula already referred to. These are arranged in two 
doreo-lateral rows, one on each side, and open into the intestine 
by transverse slits. The boundary between the oesophagus and 
hepatic intestine is not very sharp, especially when the hepatic 
diverticula are not present. 


In Qtandizepa hackai thoro is a kind of siphonal tube or accessory m- 
toetino in tho hopatic region on tho doraul side. It loaves tho hopatic in* 
tostinont about tho middlo.of its length and joins it again at its hind end. 

Sptngclia alba is distinguished by possessing hopotic diverticula whici 
do not cause oxtcrnul saccululions of tho body wall. 

In some 8po(;ios tho oesophagus and anterior part of tho hepatic mtostmo 
sends ofT dorso-latorally short canals which oi>on to the oxt<Tior by pon s 
which are placed on each aide of the dorsal surface in a lino with the branch¬ 
ial pores. Tlioso poro-s are in two sots. Tho anterior set comprisos t ho 
«o-collud unpaired Intestinal pores. Tlirso are placed in tho part ot tiio 
branchiogenital logion jmmediutoly following tho pharynx, i.o. on tho 
anterior port of the oeiM>phagU8, ond ns their nuino imphes uro usually 
tmpairod. They are found in SchizoeardiumbraMiUense, ISononosido and 
10 on the other; in Ulandicepa hacksi 9 altogother. one on the nght 
■ido and the rent on tho left. Tlio posterior sot is known as the paireo 
Intestinal pores. TI*e»o aro placed at the hind end of the b-Hruduogomta 

»'*gion, or front ond of tlio hopatic. and coininunicato either with th 
ond of tlie oesophagus or front ond of tho li»»patic intostino. ., 
tound in Schitoeardium braatlienae (oiio pair), Olandiceps hackax ( 
pairs), Dolichoyloaaua kowalrvakii (four to six pairs) ; also irx u. m 
•chkowakii and in Sptrxgelia alba. 

Tho hepatic intoutine j>as3e9 without any strong lino 
marcation into the intoHtint? proper or efferent ^ * 

occupies the hinder part of the abdominal region. Huh 
^> 0Come8 Bomewliat narrower beliind where it forms lo reo 
which opens outward by tho wide terminal anus. 


In most Ptychodoridio a median a 

ventral woU of the lundorpart of tho pining at both 

of the gut woU, or as a tube with un jt lio« in 

•nds Into the gut, and has boon called tho py§ back to tho 

■My b. colUKi Uw cami.1 part ot tl.o body and oatond. back to 


what 

onufl. 
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The coelom, though largely filled 
nective tissues in the adult, present 
we have seen in the first chapter of the second volume (p. 7), 
is on the whole characteristic of the Chordata (see Fig. 72). It 
is present in three distinct parts wliich remain separate from one 
another : these are the unpaired preoral or proboscideal sac, the 
paired collar sacs, and the paired trunk sacs. In the embryo 
these sacs all contain distinct cavities and have epitlielial 
walls (Figs. 72, 73). In the adult the walls have increased in 
thickness and have become differentiated into the muscular and 
connective tissues of the body; while the cavities are much 
reduced, being encroached upon and partly obliterated by these 
tissues. 

The coelom of the proboscis. The wall of the coeloniic sac 
of the proboscis consists of a thin layer of circular muscles lying 
next the basement membrane of the ectoderm and inside this 
of a thick layer of longitudinal muscles, which are often arranged 
in bands and which surround the central cavity (Fig. 65). 
Within tlio longitudinal muscles and extending amongst themis 
a layer of loose stellate connective tissue wliich partly fills up the 
proboscis anteriorly. 

Into the posterior region of the proboscis cavity there projects 
a complicated structure known as the central complex or the 
basal organ of the proboscis (Figs. 6-i). The central complex, 
wliicli consists of the notochord and certain vascular organs, is 
almost entirely covered towards the proboscis cavity by a layer 
of coidomic epithelium, and is attached to the body wall in the 
dorsal and ventral middle lines by the dorsal and ventral septa 
of the proboscis (Fig. 65, x, 6). The posterior part of the pro¬ 
boscis cavity is therefore double and lined, at any rate pt)Stcriorly 
in the region of the dorsal and ventral canals (see below), with 
coelomic epithelitjm : while the anterior part (solid in Jlarrhnanxa 
hupderi) is single (except in Willeyia in which it is double) and 
without, so far us can be seen, a distinct layer of coelomic epithe¬ 
lium. Each of the posterior halves of the proboscis cavity is 
farther subdivided, in corisequence of lateral expansions of the 
notochord whicli meet the body-wall, into a dorsal and a 
ventral portion (Fig. 66).* In this way are formed the two 
dorsal and the two vcrUral catuUs of the proboscis coelom. 

• In Fig. 66 the two vcutral canola oTr* joiaod, tee below. 


up by muscular and con- 
the arrangement which, as 
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The two dorsal canals are lined by coelomic epithelium and 
extend back into the proboscis static (cA), where the left of them, 
and sometimes the right also, opens to the exterioton the dorsal 
side close to the junction of the stalk with the body, by the 
proboscis pore or pores. The ventral canals also extend back 
to the hind end of the proboscis stalk as far as the mouth, where 
they end blindly {racemose organ) or, at most, join one another 
owing to a deficiency in the- ventral septum posteriorly (Fig. 

66, eh v). 

The anterior end of the central complex projects into the 
proboscis coelom to a variable extent in the different species. 



flO. 64—DlftgmmmatJc reconsln-etlon of Uie antmor end of ^ 

ruonett). The dotted line In front of the noloOionl iiidicufee or wruu 

pyrtcaniw auricle*. The heart U omitted, anp anterior neuroporc 
of nuchal akelcton ; d$ dorsal aeptum : vidv dorso-ventral maseJes f'f 

Wtudlnal muscle;; n nuchal or proboiels sUkton ; P \,,^'vcMral 

®*nJlum ; pnp posterior neuroporc; r dorsal root of medullary u<-rve cord . in vcnirai 

^ttn®nt vewel; »» ventral tciitum. 


In Borne species the notochord is continued forwards in front of 
the other organs of the central complex for a considerable din 
tance as the vermiform process (p. 75), However far it may 
extend this anterior extension of the notochord in front of the 
pericardium (see below) is connected to the dorsal and ventral 
proboscis wall by a median septum consisting of dorso-vcntral 
oJUBcle fibres which traverse the proboscis cavity and are in 
“ertod on to the notochord. These muscle fibres constitute 
the dorso-ventral muscle plate of Spengel (Fig. 04, mdv)* An- 

• The traneveres section* fiimrod pass bet.ind this muscular septum, 
•xoopiing possibly dorsaKy in Fig. 05 (see footnote, p 83). 
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teriorly this aeptum ends with a free edge, the anterior part of the 
proboscis cavity being single, but posteriorly it overlaps, though 
it does not join, the dorsal and ventral septa above teferred to. 
In this overlapping part the muscle fibres of the dorso-ventral 
muscle plate diverge on leacliing the central complex and em¬ 
brace that structure. 

The ventral septum consists of a layer of basement membrane 
which is continuous with the basement membrane of the body 
wall and with that surrounding the notochord (Fig. 64. va ; 
Fig. 65, 6 ; Fig. 67, sf). It ends with a free edge in front, rarely 

extending be¬ 
yond the front 
end of the central 
complex, some¬ 
times not so far. 
Posteriorly it 
either extends to 
the very hind end 
of the ventral 
canals, com¬ 
pletely separat¬ 
ing them, or it 
stops short of 
this, ending witli 
a free edge, so 
that the ventral 
canals join pos¬ 
teriorly (Fig. 66). 
The basement 
membrane of 
the ventral sep¬ 
tum at the point where it joins the basement membrane of 
the ventral proboscis wall is pierced by the fibres of the circular 
muscular layer. 

The doraal septum, which separates the dorsal canals, is formed 
by the walls of the pericardium, the basement membrane of 
which is continuous with the basement membrane of the body 
waU in the dorsal middle line (Fig. 65). It is usually continued 
forwards os on effective septum by the fibres of the dorso-ventral 
muscle plate (Pig. 64), which may overlap the anterior portion 
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of the pericardium,* in the region anterior to t)ie dilated part 
of the notochord, where the dorsal canals acquire their coelomic 
epithelial lining.f 

The extension of the ventral septum and of the median muscle 
septum of the proboscis exhibits considerable diversity in the 
group. 

It is now necessary to describe more in detail the posterior 
more definite portions of the proboscis coelom, where an epithelial 


lining is pre* 
sent. First of 
all the ventral 
canals ; they 
nearly always 
join posteriorly 
to form the 
ventral caecum 
which extends 
back to the root 
of the proboscis 
(Fig. 66, cAv), 
and the hind 
end of which in 
some species 
forms a small 
projection (the 
racemose or¬ 
gan) from the 
roof of the buc¬ 
cal cavity. 

The dorsal 



Fio. M.—TraniTCiM ftvciloD ^through tbe neck of iho probneeis ol 
JSolafMVfoieue gfge# behind the ventrnl eepioro (After openge)). 0k 
donnl cnxuU ol ooelonv leadioflOD the left eldetothe pore ; h Usiue 
lo the perlCArdium ; div noiocnord (buccnl dlvcrtlcultim); 0k pro* 
bOAcU ekeleion ; eAebled end ol ventml cadaI (ventral c«cua). 
The effereot tcaacUoI t:ie proboecie are ahown on each aide dozso- 
laterally of the notochord. 


canals arc moro complicated. They pass backwards in the neok 
of the proboscis as narrow canals lined with a ciliated epithe¬ 
lium (Fig. 60 eh), and they either end blindly or open, at the 
bind end of the neck, into terminal bladder-like dilatations. 


These two end-vesicles open to the exterior by the proboscis 


pores. As a rule there is only one proboscis pore and end- 
vesicle, viz. on the left side, but when there are two, those of the 


* It ap[>oar8 to have dono thi« in the section from which Fig. 66 was 
taken. 

t It will bo reraemborod that antoriorly the proboscis coelom appears to 
be without epithelium in the adult (soe p. 80). 
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left side are nearly always larger than those of tlie right. The 
lining of the hind end of the dorsal canals, whetlicr they end 
blindly or not appears to give off nests of cells into the chondroid 
skeletal tissue (see below), which is found in the neck of the 
proboscis. 

There is the* greatest variation in the probogr-is poreg and in the dorsal 
canals and in the end vesicles leading to thorn. In Ptychodera Harr»- 

mamal-i/n/feri, ttnclinS<ercotakinuaca«adcnjn'.« there are almost always two 
proboscis pores. In Qlmaobalanua minutiia. and DoJichetylosaua kowalcvakit 
there are two in some individuals, but not in oil. In Ptychodzra {lav<t 
there is the most remarkable individual voriation in tho arrangement «>f 
the dorsal canals loading to tho pores. Tho following variations havo been 
observed : (1) the right dorsal canal ends blindly and is conno- tod by a 
solid cord of colls with it.s end vesicle which is 8inalh*r than tl, ■ left and 
opens outwards by a smaller pore. (2) The right dorsal canal comrniini- 
catos with a wide tertninal vesicle by a narrow canal, tho lumen of which is 
occluded ; tho left canal ends in tho chondroid tissue of the proboscis 
skeleton (see below), in which it gives off numerous islets of cells ; the loft 
cnd-vesiclo which is thus not even connected with its canal by a cord of 
cells, is present and opens to tho exterior by tlio loft pore. (3) A similar 
arrangoinont to (2) but tho right vosi'de is in open communication with tho 
right ‘iorsal canal, and th<*ro is a solid rorl conncctitig the left dorsal canal 
and ond-vesiclo. (4) Botli end-\e.sitlrs communicate with their corre¬ 
sponding dor.sal canals, bxit th** left vobiclo is the larger, ^o) iho right 
vesicle is larger than the left, and n.-ithor of them are in comimmic^Uinn 
with tlieir doisnl canals. I'inally, in lial. carnoat:a, in which only the loft 
pore and vcbiclo uro proseut, tlio end vesicle is continued boliind tho an¬ 
terior niMti'ijpore as two ca'cal pockets placed ventral to the iioiiral tube, 
and in some specimens the p'Te <»pens into the front end of tho medullary 
Uibe (T' ‘T tl\e V>ohavio*ir of tho first branrlhal pore in this spoeics, see p. 77). 
th> re are two pores ‘ho right i? ^aiij to arise later in development 
' III the left. Tlio lining of tlu- cod vesicles is saiil to ho duo to an 
ingrowth Ilf cut<)dorin ; if this is vr- e tl»e acttml ooelomic pore wotild bo 
tho apcrtui ' connecting the vesicle vviih tho dorsal coelomic canal. 

Tho central complex of the proboscis (Figs, 00, 64, 65, 67). 

Before proceeding to ottr aoc. amt of tlio coelom in the collar, 
it will be convenient to de3crii>e tins remarkable, structure. It 
occupies alino.st the whole of the neck of the proboscis and in tho 
dorsal middle lino in ii\ contact with the basement membrane of 
the ectoderm (Fig. 67). On tlie ventral side of it is the vetitral 
extension '.if the probo.sci.s coelom. In some .«pecies {Ptt/chodcru 
flava and rnjthrcn, etc.) the ventral '-anal of the coelom extends 
back as far as tin* union of the notochord with tlie hucM-nl 
epitlielium. but in most it .stops short of this and tho posterior 
part of the central complex is in contact in tiie ventral middle 
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line with the basement membrane of the ventral ectoderm of 
the proboscis stalk. 

The central complex consists of the following parts : (1) 

ventrally the notochord and, in the stalk, the skeletal develop¬ 
ments of the basement membrane of the notochord (Fig. 04. v ; 
Fig. 66, 3 k ; Fig. 60, ig), (2) the heart (Fig. 67, h, see also Figs. 
60, 65), which is a blood vessel lying on the dorsal side of tlie 
notochord, between it 
and (3) the pericardium 
(Fig. 64, per, Fig. 67, h, 
see also Figs. 60, 65), 
a closed sac of con¬ 
siderable size and of 
doubtful meaning, and 
(4) the glomerulus or 
proboscis gland which 
is the well • developed 
and folded coelomic 
epithelium lying on 
the front wall and 
anterior part of the 
sides of the pericar¬ 
dium (Fig. 05, lo, Fig. 

60, 2). 

The notochord has 
already been described. 

It extends along tlie 
whole length of the cen¬ 
tral complex and varies 
very consideraljly 
throughout the group. The basement membrane wljicli lic.^ 
immediately outside its epithelium forms it.s sheath and is 
especially thickened on the ventral side of tlio posterior i>ait of 
it (Fig. 64, ?i, Fig. CG, sk). This specially Ihickcned part of (he 
notochordal sheath is continuous with a specially tliickened 



sv 

Fro. 67.—Transverse section fhronjfh Utt' lilrjfi mU tho 
proboscis, near Uie f)eck« ol Gloi4^J0ulQnut (.lUcr 

Bpcnijcl). The sci;llon SiOc% hcliind the xIoriKTitlu^. 
Tbo cpidemiM is dotted nnd tlio nervous Jtiyer the 
cpldcrmln is dinaonally shaded, tlio hosern'^nt nii*rn- 
Lrano of iUc ^^pidernds is un^iiudcd. odif idood vcmvIs 
of skin; 0 heart; div notochord; tfi nroho^ciH 
divided ikcrc into a right anil ioft iiaif hy titv antorior 
end of ventral scptuio re; epv ct^cloinic I’plliudinni: 
h pericardium ; Im iongitudlual muscles of prohoncii 
widl i frp efferent of proboscis; rfn eixemar 

UiUAcies ; iv vvntrai septum. 


part of the basement membrane of the dorso-latcral buccal wall 
(Fig. 64 cn), and the wliole constitutors the proboscis or nuchal 
skeleton (Fig. 66). The probo.sf-is skeleton consisUs of a median 
body and of two limbs diverging backwards. The body is placed 
ventral to the liosterior part <»f tlie notochord in the neck of the 
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proboacis. It extends from the hinder side of the notochordal 
ca'cum in front to the junction of the notochord with the mouth 
behind (Fig. 64, n). At this point it divides into the two limbs 
which diverge backwards into the collar region lying immediately 

within the buccal epithelium. The 
limbs may be long, extending al¬ 
most through the whole length of 
the collar, or they may be short 
reaching but a little way. The 
proboscis skeleton is strengthened 
laterally in the hinder part of the 
neck of the proboacis by the chon- 
droid tissue. This tissue is the 
enlarged basement membrane be¬ 
longing to the anterior wall of the 
collar coelom and the posterior 
part of the dorsal canals of the 
proboscis coelom. It differs from 
the rest of the skeletal tissue of the 
body in containing nests of cells wiiich have migrated into it 
from the adjacent coelomio epithelial walls (p. 84). The 
ohondroid tissue, which has a certain resemblance to 



Tio. A6.—Probocda akeUtoa of Qlos- 
$obaUnui mmitniU (adGr Speogei). 


hyaline cartilage, is specially developed in Schizocardium and 
QlaiuHceps. 

The heart is a blood vessel lying in the basement membrane 
between the notochord and the pericardium (Figs. 65, 67). 
Its connexions will be described later on when wo are dealing 
with the vascular system. The pericardium or proboscis sao is 
a closed vesicle lying over the anterior end of the notochord and 


extending only for a short distance backwards into the sttJk 
(Figs. 64, 65, 67). This posterior part of it is traversed by 
transversely directed fibres ; its anterior part is fiDed up with a 
peculiar loose tissue of unknown function while its main body 
contains a clear fluid. It possesses an epithelial lining wliich in 
some cases may proliferate so as almost entirely to fiU up its 
cavity. It has no connexion with the vascular system, and 
the latest observers have asserted that it is (piite closed off 
from the coelom, but Bateson maintained that its cavity com- 
murucates with the coelom through the loose tissue .lUinc up ito 
anterior part. This loose tissue sometimes occupies a large 
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portion of its cavity (e.g. Olossobalanus ruficoUie, etcj. Its 
ventral wall is concave, slightly enveloping the dorsal sides of the 
notochord, and contains a number of transverse muscular fibres 
which being in contact with the heart tube very likely cause the 
pulsations by means of which the blood fluid is moved. In 
Schizocardium (hence the name) and in Olandiceps the anterior 
lateral portions of the pericardium are produced into two tubes 
which extend along the vermiform process of the notochord and 
constitute the auricles of the pericardium. In Bal. camosus the 
pericardium is bifid anteriorly, being produced into two pouches, 
accompanied by glomerulus tissue, beyond the anterior limit 
of the notochord. 

As already stated the dorsal wall of the posterior part of the 
pericardium is in contact with the basement membrane of the 
ectoderm, thus giving rise to the dorsal septum ; but its anterior 
wall and the anterior part of its dorsal wall, and its side walls 
are covered by coelomic epithelium which is much folded and 
composed of large colls containing pigment grains. This is the 
glomerulus. Within the folds, i.e, between their epithelium and 
the pericardial wall are some blood vessels which are in direct 
communication with the heart. If the glomerulus is an excre¬ 
tory organ, as is supposed by some, its secretion must pass into 
the proboscis coelom, reaching the exterior by the proboscis i>ore. 

The collar coelom is in many species almost entirely filled up 
by the muscular and connective-tissue development of its walls, 
and, except in the parts of it known as the collar canals, is 
devoid of a lining epithelium. The two lateral sacs of which it 
originally consists meet dorsally above the collar nerve-cord and 
ventrally below the gut (Fig. 69). The longitudinal mesenteries 
formed by the opposed walls of these sacs j>ersi8t only in part: 
the ventral mesentery is present in the posterior region for a short 
distance, but is deficientover the greater part of the collar ; the 
dorsal mesentery which extends between the nerve cord and the 
skin persists over the greater part of its length, but is deficient 
anteriorly. In Harrimania kupfferi both mesenteries arc absent 
in the adult, and it is quite possible that there may be consider¬ 
able variation in them in other species. 

In some genera {^Plychodera, Sch^zocardiu^n^ Spenydia (nid 
Dolichogloaaua), the coelomic sacs of the collar are in parts 
separated from the gut wall by the peHpharyngeal cavities (Fig. 69) 
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wliich are forward extensiona of the trunk coelom and will be 
described later. 

The collar canals are two short tubes lined by a ciliated epithe¬ 
lium, and placing the collar-coelom in commumcation with the 
exterior. They occur dorso-laterally at the liind end of the 
collar, and they open externally by the collar pores into the first 
branchial pouch. Internally they open by a funnel-shaped 
aperture into the collar coelom, which, in tho neighbourhood 

of the funnel, is free 
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Pro. flO.—Diagram of a traruvitse twtion collar 

region of a Balani glo.viid to show Iherclatloid of the 
body-cavltles li> the collar (Irom Mnr Bride). The eoclo- 
mlc spaces are represented as clear of tUMie onJ Ifie 
Tcntral mesetitcrv as penistent. J mcdullury nor\o 
cord : ? dorsal hiond vessel; d pcrihacnuil cavity ; 4 
notochord at Its point of altai'hn>ent to tlto buccal wall; 
S posterior dlveralng crura of the proboscis skeleton ; 6 
collar coelom ; 7 buccal cavity ; 8 pcripharyuceal cavtt**: 
P vaoiral reatol. 


from the tissue ele¬ 
ments which pervade 
it elsewhere. The col¬ 
lar canals are covered 
towards the coelom 
by a layer of flat 
opitliclium, and their 
dorsal walls are often 
infolded so as to pro¬ 
ject into the cavity 
of tlie canal.* 

The visceral wall of 
the collar coelom pre¬ 
sents along a certain 
lino on each side a 
foUl containing blood 
ve.'iselrt and called the 
vascular (old. In the 
PtycUoderIds' the 


vascular fold begins 
at the hind end of the collar region and extends along the ventral 
surface of the alimentary canal in the middle line to a point not 
far removed from tho anterior end of the coUar. Here it divides 
into two folds which pass transversely one on each side to the 
dorsal surface. In tlie other genera the fold is double throughout 
its course. It begins at the hind end of the collar ventrally and 
asoenda obliquely dorealwards and forwards on each side to tho 
point wliere the neck of the proboscis joins tlie body. The 
vascular folds contain blood vessels wliich unito tho median 


• Thia fold rocallB 
some EchiixodormB* 


a aimUar structure projecting into tLo sand canal of 
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ventral vessel of the trunk with the efferent vessels of the heart. 
They are obviously to be compared with the glomerulus of the 
proboscis region. 

The trunk coelom extends throughout the whole of the body 
behind the collar. It is a more continuous cavity than that of 
the collar and is lined throughout by an epithelium and does not 
open * to the exterior. The dorsal and ventral mesenteries are 
persistent over the greater part of their course. 

The coelom of the trunk, though completely separated from 
that of the collar, sends forwards diverticula into the collar 
region. There are two pairs of these extensions. Dorsally on 
each side of the dorsal blood vessel of the collar, between the 
collar nerve-cord and the gut, there is a tubular extension of the 
trunk coelom which extends throughout the whole collar region 
as far as the insertion of the neck of the proboscis ; these are the 
perihaemal cavities (Fig. 69, j). They are largely occupied by 
longitudinal muscular tissue which is almost entirely developed 
from their dorsal walls. The otlier pair of collar extensions of 
tlie trunk coelom constitute the peripharyngeal cavities (Fig. 
09, 8 ). These are not present in ali genera (see above, p. 87). 
They lie between tlie ventrai wall of the collar coelom and the 
gut. In the Ptychoderidac they entirely surround the gut except 
in the dorsal and middle ventral lines as far forwards as the 
transversely directed vascular folds described on p. 88. In 
the other genera in which they are present, they also extend as 
far forwards as the vascular folds, but these being obliquely 
directed, they occupy a triangular area on each side of the 
pharynx. 


In tho PtychoderidcB the anterior port of the trunk coolom is divjdod on 
ooch sido into a dorsal and vontrul portion by a septum called tho lateral 
septum or accessory mesentery (Fig. 70). Tho lateral soptum passes in 
the hinder port of its extent from tho body-wall, whore it is inserted along 
the aubmodiun lino, to the gut wall ; while anteriorly it shifts its gxit-wall 
attachment lo tho body wall near the dorsal mesentery (Fig. 70, B). 
Moreover, tho dorsal section of the coolom groduolly dwindles anteriorly 
and ceases altogutlior in tho branchial region. Posteriorly tho luUrol 

septum ends freely and the dorsal cavity opens into tho posterior part of 
the coolum. 


• Willey hfw doscrihi^ structures in Spengtlia, in relation with tho first 
tmd the porihuemal cavitios^ which ho recarde ue veeticos of a 
pair of coelofjuc p<yre5 for the trunk coolom. 
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The muscles of the collar and trunk are entirely developed 

from the walls of the coelom. Some of them are developed from 

the parietal walls and some from the visceral waUs both m collar 

and trunk, and 

some from the 

walls of the collar 

extensions of the 

trunk coelom. 

In the caao of tho 
collar coelom the 
whole coolomic wall 
appears to bo con¬ 
verted into cither 


... 3 




Fio. 70.—DlAsrarPS of trftosvtrs* 8«tioQ3 throngh the tnuk o! 
Ptvehodtra to allow tho Iniertions of tho latoral mcaont«n«. 
A. bclnnil tUo gill region ; D. through tho hinder part ol tho 
gill region drum MiicBrldo after Spcngel). I tlorial mosentory ; 
2 dorsal division of coelom ; J lateral septum ; 4 oliinentitry 
canal ; i ventral division of coelom; 6 ventral mMcntory. 


tivo tissue, no ppr- 
tion being loft over 

for lining epithelium 

save in the collar 
canals. 


'rho muscles of tho body wall of tho collar are developments of the parie¬ 
tal wall of tho collar cooloin. They consist of an externul layer of longi¬ 
tudinal fibres and in tho anterior region of an inner circular layer as well. 

In th<* trunk tho body wall muscles diminish in strength posteriorly. 
Thoy ronsUt of a layer of longitudinal fibres only, except in tho Ptychodenda 
in which them is an outer layer of circular fibres as well. The layer of 
loncitvi'lirirtl fibres is intemiptod in tho dorsal and ventral middle linos and 
in the suhniodian lines (whore tho branchial pores and gonads open). 

The viscoral inii.Holus of the collar ore rather compUcot-od, part of them 


hi'ing vlenvoJ from the oxtonsions of the trunk coelomic sacs. T’ y are 
partly longitudinal ami partly transverse. Briefly, it may bo said that 
th' visceral wall of tho collar coelom whore it is in contoot with the outer 
wall of tho poripharj'ngcal extensions consists of longitudinal muscular 
fihr-'.s, \\ liereas, where it in in conta< t with tho gut wall, it givea rise to trans- 
VvTS'lv <liro<’ted fibros. I'or instance, in Ptychodera all the buccal wall 
hulund tho v ascular fold possess^is longitudinal fibres, whereas in front of the 
vascular fold, tronsveme fibres only are found. In the other genera the 
longitudinal fibres are found over tho triangxilar area referred to above 
{[). while only tho transverse fibres are found on the part in front of 

the xosc.ulnr foMs. Tho inner wall of the poripharyngool cavities con¬ 
sists of circular fibres which, together with the partial layer of circular 
flbri»s belonging to the visceral wall of the collar coelom, complete tho trans¬ 
verse layer of fibres round the gut in the collor region. In addition 
tu the above muscles, radial fibres are found passing across tho collar 
cuoh'iit from the visceral to the parietal wall. 

In the trunk region the coolomic space is traversed by r«idinl muscular 
bandj and tho visceral muscloe. 

The dorsal walla of tho perihaoraal covities give rise to longitudinal 
tnuBcles which almost entirely fill them. Muscles are also in some genera 
devoloped in the ventral walls of those cavities. There are also fibres 
whii'h travorae tho porihscmal cavities. 
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The muscular fibres seem to be unstriated, but Bat< -on de¬ 
tected signs of a faint transverse striation in Dolichcglossus 

kowalevskii. 

In addition to the muscles above described, muscular hbres 
are present in the walla of the branchial pouches and in the 
anterior wall of the collar coelom. 

The connective and skeletal tissues and basement membrane. 
The Balanoglossida present the remarkable feature of having 
no connective tissues in the ordinary sense of the word, excepting 
the delicate reticulate tissue found in the coelomic cavities and 
extending amongst the muscles. This connective tissue is, as 
already mentioned, a product of the walls of the embryonic 
coelomic sacs and appears to be of the nature of mesenchyme. 
On the other hand all the epithelia of the body possess a kind 
of internal cuticle, that is to say they secrete on their inner 
surfaces a continuous structureless membrane devoid of nuclei 
and fibrous structures. Tiiis structureless layer is called the 
basement membrane. It is formed not only on the internal 
side of the ectoderm cells but also on the inner side of tiie endo- 
derm and of the walls of the coe,lomic sacs, even in cases in which 
these walls have become entirely converted into connective 
tissue and muscles. It follows from tliis that not only must 
there be a layer of basement membrane interposed between all 
the organs of the body, but also that this inteiposcd membrane 
must, theoretically at any rate, bo in all cases a double membrane, 
one of its laminoc being derived from one and the other from 
the other of the two organs which are in contact. As a matter 
of fact this doubleness of the basement membrane is not as a rule 
discernible, the two laminae of which it is theoretically composed 
having completely fused. But a separation peisists in places 
and the cavities thus formed constitute the blood vessels (see 
below). 

The skeletal tissues are entirely derived from this membrane. 
The proboscis skeleton has already been described. Here it is 
only necessary to call attention to the fact that one part of 
this skeleton—the chondroid tissue—differs from the rest of 
the basement membrane of the body in containing strings and 
nests of nuclei which have migrated into it from the adjacent 
coelomic walls. 

The branchial or pharyngeal skeh^ton consists of a special 
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thickening of the basement membrane of the walls of the 
pharynx on each side the gill-sUts. It is made up on each side 
of a series of structures placed vertically in the walls of the 
pharynx and presenting a resemblance to a three-pronged fork 
(Fig. 62). The three prongs of each piece are joined together 
dorsally and end freely ventrally. The central prong is single 
(though presenting the appearance when closely examined of 
being composed of two fused rods) and forks ventrally. It is 
contained in the septum separating two gill-slits. Tlie anterior 
and posterior prongs lie in the adjacent tongue bars, which also 
contain a corresponding prong of an adjacent skeletal piece. The 
anterior and posterior prongs do not fork ventrally. It would 
thus appear that each tongue bar contains two skeletal rods 
belonging to adjacent skeletal pieces. The whole skeleton lies 
close to the wall of the pharynx. CJoelom is present in the 
tongue bars and its epithelium contributes with that of the 
adjacent endoderm to the formation of this skeletal basement 
membrane (Fig. 61). In the primary or septal bars there is 
no coelom in the adult, so that the skeletal rods in them are 
exclusively formed by the pharyngeal epithelium. 

The vascular system consists, ks already explained, of channels 
hollowed out in the basement membranes of the body. 

It might bo aaid to ropresent a peraistont portion of the space which 
theoretically occurs between the two lamina) of which all or nearly all 
the basement membranes consist. But os the basement membranes do 
not show u composition df two lamcll.T? it will bo perhaps safer at this 
point to take the first statement as representing all that we actually know 
on tlvis subject. 

The blood is usually described as colourless, but it appears to 
be coloured red in some forms at least, if we may judge from the 
fact that a red line can bo seen through the body wall along the 
lines of the chief blood vessels ; and it contains a few floating 
amoeboid cells of the ordinary type. 

An epithelial lining is present in the blood vessels of a few 
forma {Ptychodera, etc.), but frequently nothing of the kind can 
be detected. Some of the larger vessels are provided -with 
muscles (usually circular), which are furnished by the walla of 
adjacent portions of the coelom. The principal blood vessels 
are aa follows : (1) A longitudinal dorsal vessel running through 
the body and collar, and passing into the proboscis to become 
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continuous with the hcfirt. The proboscis portion of this vessel 

ifl called the afferent vessel of the proboscis. It runs in the dorsal 

mesentery, or in what remains of it, in the trunk, while in the 
collar it is placed between the two perihacinal cavities (Fig. C9). 
In the proboscis it runs between the notochord and tlie liind 
end of the pericardium where it is enlarged to form the lieart 
(Figs. 60, 65). (2) A ventral longitudinal vessel extending 

through the whole trunk and into the liinder part of tlie collar 
{Fig. 69). It runs in the ventral mesentery or in what remains 
of it. In the collar the ventral vessel divides and becomes con¬ 
tinuous with the two plexuses of vessels whi<“li are contained 
in the vascular folds already <h*Hcrihed. These pass in front 
into the efferent vessels of the pi-ohoseis (Fig. 67 rev) which run, 
one on each side, through the ehondmid tUsue in the neck of 
the proboscis to the hind end of the glomerulus, with the blood 
spaces of which they are continuous. There is in all the basement 
membranes a capillary network by means of which these main 
vessels are connected. This network is princiiially developed in 
the body wall, in the gut wall, particularly in the hepatic region, 
and in the gonads. That part of this network whicli lie.s in the 
pharynx wall and is presumably of importance in respiration is 
of course directly connected with the dorsal vessel. The dorsal 
vessel is supposed to be contractile and its contractions prob¬ 
ably travel forwards, so that the blood passes from it to the 
heart. From the heart it passes, driven by the contraction of 
the transverse muscle in the ventral wall of the pericardium, to 
the spaces within the folds of the glomerulus. Thence it j>asses 
into the efferent vessels of the proboscis wliu h are continued 
from the hind end of the glomorulu.s llirough the chondroid 
tissue into the vessels of the vascular folds and so into the ventral 
trunk vessel. 


Thoro aro otiior niuiii vcbsoIh in mldition to tlio two iin‘ntioni‘<l : o.j;-, in 
Ptychodcra tlioro in on oaoh Bido in the lutond soptn ;t voh.sc1 iiriM-H 

in the Bkin in front and onters tlio inloslinul ploxus hohind ; if Mij)plicfl i\iv 
gonads. Tlmro anj also dofuiiuj main vj'Hwds l)olli in tlio tonguo and i»rim- 
nry burs of tlio (ihuryiix, supplyiiiK iho cupillnry network. 


The reproductive organs. The sc.ves are scparaUi aiul (lie 
reproductive oi'gans arc similar in form and arrangfuiu-nt in (lie 
two sexes. 'J'hcy are simple ur branched sacs which jirojcct inlu 
the coelom and are placed in the lateral part of the trunk in llic 
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branchiogenital region (p. 69). In tlie simplest cases they form 
on eacli side one series, the series of primarj- gonads, which open 
to the exterior on the dorsal surface along a lino whicli may be 
called the gonaducal or svh-median line. The submedian line 
lies along tlie insertion of the lateral septum, where the longi¬ 
tudinal muscular layer is broken, and in the branolual region 
frequently coincides with the branchial groove, but in Ptycho- 
deridtaiit is placed at a greater or less inter\’-al from the branchial 
groove and the branchial pores perforate the dorsal longitudinal 
muscles. In the branchial region the primary genital sacs open 
externnlly to the brancliial pores (Fig. 61), \vith which they 
corrc.spond roughly in number. 

Tiro wall of tiro genital sacs consists internally of n layer of 
germinal epithelium which is continuous with the ectoderm 
through tlio external opening. Outside this is a layer of base¬ 
ment membrane containing an abundant capillary plexus or 
even n continuous sinus. Tlien come some muscular fibres 
and a luyei of coelomio epithelium towards the bodj' cavity. It 
would appear tlrut new gonadial sacs are continually being 
formed at the hind end of the genital region. In Pit/rhndcra 

gonads are present only on the left side * (Punnett). 


Tho arran^iuiiont just dcscribori, in which tiro 8o-callod primary scries 
of poaiids nUinu iS prcs'*ni, is tlio siinphist fuiuid and is possibly chiirao- 
U-ristic of nil in vho young state. It usually becomes more complicated 
with growth in the followiirg way. Tho genital sacs become lob'-d nnd the 
lobes acquire independent openings to tho exterior {Schizocardium braail- 
Olan4ic€p$ laluboti). Tho .secondary pore^, as tlioso arc called, are 
not plac,e<l in tho lino of tho primur;- poros, Vuit are internal or oxtemal to 
them, except in the branchial region, wliere there are no secondarj’ pores 
inU'mal to the primary pores. The seemdury poros usually open on tho 
submodian lino, but some of them may perfornto the dc-rsal longitudinal 
inusolog. A further complication is renchod by the complete separation 
oft of eoino of the lohos, to form u number of accessory ghirtds in addition to 
tho original gland which is called tho primary gland. These occossory 
glands aro n )t placi'J in tho series of primary glands out in longitudinal 
rows—thero may ho several—either external or internal to tho primary 
row. They acquire their own external openings, which, inasmuch oa they 
belong to the accessory gonads, we shall call accessory pores, to distinguish 
them from tho openings of the lobes of the primary glands, which we have 
Mlletl secondary pores. Tho accessory pores may bo either external or 
internal or both, and they may bo placed on tho eubmetlian lino or por- 
forato the longitudinal muscles. 


-.h in this respect %Yith some species of Amphioxus (see Gold- 

I der “ Valdivia" Expedilion, Bd. 

1*., L\. I, 1906, and Zool. Anzetger, 30, 1900, p. 443). ^ 
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In StereobalaHus canadensis there are several rows of gonads, botli inside 
and outside the branchial pores. Their openings are nil m tlie submedinn 
lino which is much widened out. In Ptychodera there are usually several 
rows of accessory gonads which ore for the most port external to the primary 

The extension of the genital organs varies in the different species. In 
some species (e.g. Ptychodera fiava) they are found throughout tlie branchio- 
genital region, beginning just behind the collar ; in ether species (e.g. 
Olandiceps ahyasicola) they are confined to that part of the bram-hio-gonital 
region which lies behind the branchial pores ; while in St€r.:ohalanus cana¬ 
densis they are coextensive with the branchial region. In the mujonty of 
species, however, they begin in the branchial region at a vanablo ilistanco 
behind the collar. In almost all cases the brnnchio-genital r. g.on over¬ 
laps the hepatic region, BO that genital sacs are found at the anterior 
part of tho latter. In Bal. carnosus^ however, tho transition is abrupt and 
no genital sacs are found in tho hepatic region. 

In most of the Ptychoderidae the side walls of the body in the 
branchiogenital region arc prolonged into winglike folds—the 
genital pleurae. The genital sac.s are for the most part con¬ 
tained in these wing-like outgrowths, but not entirely, for in 
some species they are found in the body as well, iiiediad 
of the insertion of the lateral aeiitum. The genital pleui;e arc 
extremely mobile structures and may be bent up so as to cover 
the back of the animal. In Bal. c/inioszts their free opposed 
edges may become united by mucus, so that a cavity, widely 
open behind and receiving the branchial pores, is formed on tho 
dorsal side of the branchiogenital region. 

The gametes are produced from the walls of the gonads and 
when ripe are passed out to tho exterior througli tho genital 
pores. The spermatozoa have splicrical or oval heads and 
active flagelUform tails. The ova are provided with a close- 
fitting egg-membrane, and are of two sizes according to the 
amount of yolk and manner of devcloiimcnt. 

In most genera tho egg is small, varying from 06 mm. in diame¬ 
ter in Ptychodera fiava to 16 mm. in Bal. carnosus. Tlie develop¬ 
ment of Bucli eggs is probably indirect, passing through a free 
larval stage, called the Tornarla (Fig- 74). In some cases, 
however, the eggs are much larger, varying in their longest 
diameter from -4 mm. in Dolichof/losaua kowalevskU to I'S in 
Harrimania kwpfferi. 

The early stages of the small eggs which probably develop ^ 
into tornaria are not known, but thanks to tlie researches of 
Bateson all the etagea of the development of Dolichoylossus 
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kowalewkti are known. The eggs of this species are laid singly 
and deposited in the muddy sand which the animal inhabits 
Segmentation is regular and complete and leads to the forma¬ 
tion of a spherical blattosphere which becomes a gastrula by 
invagination (Fig. 71, A). The blastopore narrows and a 
circle of ciUa is formed round it; it eventually closes up at that 
pole of the egg which will become, as shown by the persistent 
ciliary circle, the future hind end ; i.e. it closes in the posi- 
tion of the future anus. The embryo becomes covered with fine 
cUia and a tuft of longer cilia is formed at the anterior end. The 
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^ cmoryo elongates and 

transversely directed 
\ \ grooves appear, marking 

out the three rogiona ; 
^ ; proboscis, collar, and 

^ n trunk (Fig. 71. B). The 

embryo hatches at about 
/ ^ stage and lives os a 

^ free larva wliich at first 

^ swims in the mud by 

m^'ans of its cilia, and 
fl, later burrows in the mud 

by means of its proboscis 
■- (Hg- 71, C). A groove 

appears in the collar re- 

“fd HfJdco. « line markin.? fh^ nncifnxrt 


•ir 


fi. 
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- line marking the position 

, of the medullary nerve- 

cord winch is now being developed. This groove is a temporary 

Btructure and does not appear to participate in the formatio’n 
of the collar nerve-cord which arises by delamination from the 
ec o erm, Tlie first gill-slits now appear just beliind the collar 
aa a pair of perforations, and the mouth is formed as a minute 
perforation in the groove between the coUar and proboscis, 
the anus is formed ratlier later at the hind end. 
i leanvvliile the five coelomio pouches have made their appear- 
ooe, one unpaired pouch in front and two pairs behind (Fig. 
7-il. riie.se become closed from the gut and persist as the 



DEVELOrMENT 


97 



The collar nerve cord is delaminated from tlio ectoderm boncatli the 
tranejMiit groove already mentioned. It remaijiB however connected with 
the ectoderm throughout life at its 
front nml hind cuds. It appears to 
increase in letigth at tho front and 
hind ends of thocolhir by invagination 
of tho median ecto<ierin, by which pro¬ 
cess tiu' cnntiruuuis rentnd canal pre¬ 
sent at tlteso points is fonnod. 

In tho Huhsoquont changes tho gill- 
nlita incroiiso in nuiiihor from before 
backwards and thoiulult form is gratlu- 
ally lUHHumod (Fig. TU C). A larval 
organ, constituting a siwtorial tail for 
attac*hu)ent,Ajie dovclupotl an<l lusts for 
a shvivt tirnb*'; it is pla<*od at tho hind 
ond viMitnd to tho anus. Tho noto- 
cluird is formed ixs a dorrt<)-Fnedian 
gr<]u\*o of tho tuiti?rior part of tho gut 
whicli he<*onie.s partiiilly const rioted off 
from brftiro haekwanls to form u tube ; 
it lutor oxtt^jiils into tin* huso of tho 
prolj<»H<’iH. Thi> jM*ri<*ur4iimii is dovol- 
ojxmI from a si»hd niivss of ccOls derived 
from tho wjill of llio posterior part of 
thopi'obosris c*o<dorri. Tho first trace 
of tlio gofM«rativc <irgaiis is hocn when 

thoro urn 10 gill-hlits. 'Fheir exact ori- r n 

gin wjiH not madf^ 4 )Ut in this sjHHicsi, but from observations o ii» 

^porivH II,..y ,m- prob.ihly i.,. socUn..»l, thouKh l>y home ..hs-rvi n: fheyato 

* to bo .l. i,v..l In.Ml 

tl,»» octo.lorm, will, \v}ii<'i i'i 

any caso Iboy hoi.i, b. ti.iMO 

<-onno<;U‘d. S', for I'ovo 

rjot boon tnu <‘«l into c.Mt.o vi.jii 

will, tlio 

'rh»> j.roboK. irt por.' in 
imliratcl l>y u tlii< lo iniii; of 
oelodortii on tb<' 1 . 0 -“' ‘’f llio 
prubosciH. I'liirf il jirki.Minfi 
ar.jvliroH a ciivily « bi< I. IuI.t 
opona to tbo cxtiriur un i lo 
tho probo8ciM coolom. i ho 
collar pores armo b,\- Iho por- 
fortttion of IhicUoo. il putcliofl 
of octodorm in «loso .'oiuiox- 
i.in with tho opoinriK of tho 
fir«t gill-Blit. At tho postorior 
on.l of tho prohoB.iK c<.<-Iom, 
at Iho point whor.. tho . oolom 
was conne.'t.'d with tin* got in 


FlO. ~ "* '' I’.rilCiMi Iiii'I «''<.• 

tion Oiroiigh ft luf'u .>f ‘Mokui 

koxcuUrMkii lult.-r 1^"" I.- 

II.). ri anterior (i.n<l r,, un I ii> 

(wllrtr), cm poslrrliT (iriini>) .o. l'Jimo 
divcrtlcuki^ d 



f^lu. 73 . —» TfQnf\ 4 ^rAi; Fcrtioii thr»»utK li»c inifhllo 

t >4*l Ilf till* (v>llur Ml fi l4r>Af»f Aojra* 

Hliicli In Hi uIm>uI Um «t.*ic' i>t >*lg 71 
UlU i itfuti K.nrxtJ ii.}. AIm>vc U im^ou the 

clilatiMl grucixr. U • nivtoii ; n ruilijncnt of 
arrve C4 rtl ; m cMllftr coHmiii. 


un earlier ntago (Fig. 72), a piolif oration of tho ooolornic wall .Mcnrs in 
i\m clorool iiiiddlo lino; this can 80 « a projotlion into tho cuMty which 
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balanoolossida. 


‘-.-"'two p?;. Ura-nttl'Xr'^n;: 

r"o"pt" n^et L periLniiuoo wl.ioh when ««t 
formed U BoUd. and Uter on the notochord grows mto it. 




Tlie tomarla 
larva. In most 
species which 
have eggs of the 
smaller size, the 
development is 
indirect and a 
transparent pela¬ 
gic lar\'n known 
as the tornaria is 
developed. This 
larva was first 
described by J. 
Muller, who took 


Pia.74.—TornJrti IftTVi (after MeLvUnlk.^T). a front the itdo : 
b from the d rj*l eurUce ; A «nw : C |>«ricArJlum ; P‘ 
coclomic sacj: O mouth ; S apical pl-itc ; O' rudiment of the 
proboscis coelom (ao-called watcr-vascular aac). 


it for an Echinoderm lar^’^a. Its real nature was determined 
by Metschnikoff. The early stages of tliis development arc 
not known, but the later stages by which tlie larva jiasses 


into the adult have been more or less worked out. In tlic 
youngest stage known, the tornaria 
has a somewhat ovoid form witli a 
ventral mouth, a terminal anus, and an 
alimentary canal divided into three re- 
giijns, viz., oesophagus, stomach and 
intestine (Figs. 74, 75). Tliere are two 
eiliated bands, one of which is prcoral 
and encircles the preoral lobe, and the 
other postoral but longitudinal in direc¬ 
tion. These two bands touch one another 
dorsally and anteriorly, tlie e''t<xierm at 
the point of junction being thickened to 
form the apical plate (5). The apical 
plate possesses nerve fibres and ganglion 

cells and soon acquires a tuft of immobile cilia. It also contains 
a pair of pigmented eye spots. 

Internally tliere is a spacious blastocoel, in the front part of 
which is a vesicle called the water-aac (Fig. 74). This is the 



Flo. 75. — Early Ktaitc f>f« a 
tornarxA Ian a In lutigitiicUiml 
icctMin ifruin UaUnur after 
G4>ctU*). m mouth ; an 
antu ; ir ruilhiiciit «if 
bosciB coi'hiiii hu-call^i 
watcf'vaicular vraicle). 



TOUNAUIA. 


EClllNODERM AFFINITIES. 


09 


rwliiiuMit of iho proboscis coclom. It lies on tlic hinder part of 
the oe-sopliaRUs and is connected to the apical plate by a muscu¬ 
lar hand, and opens on tlie dorsal surface by a short cihat^ 
tube, the rudiment of the proboscis canal and pore of the adult. 
The pcruiardium (hcart-vcsicle), the origin of wlxich is uncertain 
lies at first near the skin to the right of the proboscis pore, 
soon leaves the surface and becomes surrounded by the proboscis 
coelom. By some authors it is regarded as the right proboscis 
cavity. Later a transverse circumanal ciliated ring is formed, 

and sometimes a 
se(!Oiid loss dis¬ 
tinct ring hcliiiid 
Ihi.s. M oreo ver 
tlic. course of the 
two firstdo.scrihed 
ciliated bands fre- 
ipicnlly becomes 
complicated and 
folded, and in 
Torntiria grena- 
chcri they acquire 
ciliated lobe-like 
projections. 

In the later 
development the 
form of the adult 
is gradually at¬ 
tained ; the cili¬ 
ated rings disap- 
pc.ar and the two 
posterior pairs of coclomic sacs are developcil in a manner 
which has not been thoroughly ascertained. The collar nerve 
cord, gill-slits etc., are formed as they are in the direct de¬ 
velopment. 

The tornaria has by its ciliated bands and general form a 
strong external resemblance to the bipinnaria larva of an ecliino- 
derm, a resemblance which is increased by the presence of the 
so-called water-vesicle with its dorsal pore ; and when first dis¬ 
covered it was described as belonging to that group. A close 
examination of its structure, though revealing points of diflereiice 
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such as the presence of oye-spots and an apical plate, does not 
nullify this resemblance and renders it extremely probable that 
the Enteropneusta have affinities witli the Ecliinoderniata as 
well as with the Vertebrata—a view which is expressed in this 
work by the juxtaposition of the chapters dealing with them. 

The Balanoglossida live in sand or mud* and are found in most 
seas. Their burrows, the walls of which appear to be cemented 
into some consistency by the mucus which tlie animal secretes, 
appear frequently to be U-aliaped, opening on the surface at two 
points. At one of the openings the casts formed by tlieir faeces 
are discharged, while the anterior end is in relation with tlie 
other opening. In Dolichoglossus kotvalevslcH, Bateson describes 
them as being highly coloured (collar a bright orange) and as 
living at about a depth of eight inches with the anterior end 
of tire body (to the branchial region) and the hind end 
both vertical, the middle portion being coiled in a corkscrew 
spiral. 

They usually possess a disagreeable smell, described as re¬ 
sembling that of iodoform or sometimes that of cliloride of limo 
with a faecal admixture. 

It frequently happens that two species live in association : 

thus Wille^’^ records that Ohssobalanus ruficollis inliabits the same 

burrow os Bal. cnrnosiu^ in New Britain, while the latter is taken 

with Spengdia ptirom at Lifu. They actively burrow in the 

sand b}' means of their prnl)03cis and collar, in which the chief 

nni.-xular deveU)pment occurs, drawing the liinder part of tlie 

o.idy passively after them. The probn.scis and collar can be 

readily rendered turgid or the reverse, and they clear out the 

sand and mud by swallowing them. Thus their locomotion and 

alimentation arc effected b^- tlie same means. It is probable 

that the inflation of the proboscis and collar whioli appears to 

be a necessary condition of their use in locomotion is effected 

by the taking in of water tlirough the proboscis and collar 
pores. 

The body very readily breaks into pieces—jjarticularly the 
hinder part, and some species appear to be able to practise 
autotomy. In presence of this fragility of body, we should 
expect the power of regeneration to be considerable, and this 
appears to be the ca.se. Animals are frequently taken showing 

• Sec however note on p. 103. 
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features whicli arc only explicable on the view that .njunes 
are being repaired. Tlius individuals are found with a very 
small proboscis and collar, or with an imperfectly formed collar 
indicating tliat these parts are being regenerated. 


It is assorted that in tho regoncration of the collar ^ 

t!io collar norvo cord is formed ns an open groove f 

stricted off. and that in tho regeneration of the 

enocios tho proboscis poros may bo oquol m s»/o. The first fact has its 
emmtorpart^n sumo tm-nuria larvao in wliicli tho medullary cord ^ 

tho oo.mtriotion ort of a., opon Rroovo. bat tbo lottor 

BO f.ir »3 is known in tho early dovclopmontal history, no tornaria being 
known with two wator-poroa. 


Various parasites (Gregarincs, flagellate Protozoa, Trema- 
todea. Nematodes, etc.) are found in the Balanoglossida tho 
most remarkable perliaps being a parasitic Copepod Iveoaiano- 

nlosfii sometimes found in tlic genital pleuroe. « .i • 

Tlic Balanoglossida arc remarkable for the complexity of their 
structure in contrast with the simph“ity of their mode of life and 
tho absence of organs of special sense. There are no known organ¬ 
isms wiietber animal or vegetable, at present living, which pre¬ 
sent sueii complexity of organization combined with such simplic¬ 
ity of habits. They po.ssess all the three features of the Chordata 
(see vol. 2, eh. i.) : namely a notocliord developed from the dorsal 
wall of the entcron ; a tubular central nervous system ; and 
I>aircd branchial apertures leading outwards from the anterior 
part of the alimentary canal. In addition they possess complex 
vascular and muscular systems, and a coelom winch, largely 
filled up by muscular and connective tissue in the adult, consists 
of three main divisions, viz. an unpaired cliamber in the pro¬ 
boscis, two paired chambers in tho collar, and a similar number 

of chambers in the trunk. 

All the mesodermal structures including the gomuls develop 
from tho walls of the coelomic sacs, but no relation has as yet 
been traced betwe^en the cavities of tho gonarls and those of the 
coelom. There is no relation between the repetition of any of 
tho organs and tliat of the coelomic sacs. Indeed all the repeated 
structures of the adult, viz. the gill-slits and ti e gonads occur 
in the region of the posterior or trunk sacs. Although there is 
no regularity in thU repetition it is interesting that it should 
occur here, for it is these posterior sacs which in Amyhioxua 
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and possibly in the Vertebrata become segmented into the 
mesoblflstic somites. 

Finally, we must not forget to call attention to the great 
variability presented by different members of the group. This 
variability not only occurs among different species, but is also 
shown by different individuals of the same species. Moreover, 
and this is the remarkable point, it affects features of structure 
which to judge by the stendard of higher Chordata are of great 
importance, and are usually perfectly constant through large 
groups. In illustration of this we may call attention to the 
condition of the central canal and dorsal roots in the nerve cord 
of the collar (many species of Ptychoderidso), to the canals and 
pores which connect the proboscis coelom with the exterior 
(species of PtychodeTo), and to the length of the branchial region 
os compared with the rest of the body (macro- and brachy- 
branchiate varieties of Ptychodera) : these features are variable 
in some cases witliin the limits of the same species. As examples 
of characters which vary in allied species and which we should 
otherwise judge to be important, we may refer to the presence 
or absence of liver diverticula, to the condition of the notochord, 
and to the presence or absence of external protective covering of 
the gill-slits, and finally to the presence or absence of genital 
pleurs. It is in consequence of this remarkable variability that 
in our treatment of the group we have entered into much greater 
detail than has been our custom in this work. 

Fdrn. 1. Ptycbuderllad. Proboacia usually shorter than the collar ; 
cornua of proboscis skeleton do not extend backwards beyond the niiddlo 
of the collar. Dorsol unpaired roots unite the medullary cord of the collar 
with the epidermis. Efferent vossoU of proboscis united in one transverse 
plane by a circular vessel with the ventral blood' vessel of the collor. Peri¬ 
pharyngeal spaces contain circular muscles and completely surround the 
buccal cavity continuously up to the level of the mouth opening. Pori- 
lioemal cavities without transverse muscles. Circular muscles outside the 
longitudinal are usually present in the body wall of the trunk. Hypo- 
pharyngeal streak as a well-marked groove on the ventral side of the 
pharynx (Fig. 01). Genital pleura well developed or smalL Lateral 
raosenteriye present in the trunk coelom. External livor-sacculee present 
(except in Qloaaobalanua ruficollie, Willey). Ptychodera Esch., the gill- 
slite open diret'tly to exterior and the genital pleune have a ventral 
origin, generally with continuous axial canal in tlu> medullar}' cord of the 

Esch., erythraea Speng., bahammns Speng. Balanogiotaus 
D. Chi., gill-elita open into pouches which discharge to exterior by dorsal 
gill porea, genital pleur* with dorsal origin. B. aperfus Speng., clavigerus 
D. Chi., gigas F. v. MuU., awantiacuji Girard, auttralieruis Hill, camoetu 
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wnioy. bimtnitnsis Willoy. ,amatcen«* Willey. Otossoba^nus Speng., g.ll 
apertmea as in DaUinogtos^us, genital pleura redu<^ to ndges. Gl. mtnuitu, 
Kow.. smmiensis Koehler, hedUyi Hill. ruficoUts WUley. 

Fam. 2. GUndlclpUldae. Proboscis longer than collar. Notochord fre¬ 
quently produced anteriorly into a vermiform process. Cornua of proboscis 
Skeleton extend to posterior region of collar. Nerve-roots absent or vest,g,ah 
Efferent vessels of proboscis pass obliquely downwards to posterior end of 
collar. Peripharyngeal spaces separate, vestigial or absent Penhaein^ 
cavities contain transverse muscles. Circular muscles of body-wall ho 
inside the longitudinal muscles. Genital pleura and lateral septa of 
trunk coelom absent. External liver saccules present or absent. 
Schizocardium Speng., right and loft peripharyngeal cavities and synap- 
ticula present, ventral septum of proboscis extends to end of verm,form 
process, external liver saccules present, medial gonads absent, pericardial 
auricles highly developed, hypopharyngeal streak of pharynx reducid to 
narrow band (Fig. 03) ; Sch. brasiliense and peruvtanum Speng. ^pen- 
nclia Willoy, poriphnryngcal cavities and synapticula as in i>ch\zocardxxim, 
ventral oopti.m of proboscis doos not extend to the vermitorn, process 
oxternal liver saccules absent, medial gonads present or absent, pericardia 
auricles reduced (Fig. 04), dermal pits in the genital region, hypophorynKcaJ 
groove deep and well marked os in Ptychodcra ; Sp. porosa and alba W il cy. 
Qlandicepa Speng., poriphoryngeol covitios ond synapticula absent, ventral 
septum of proboscis and oxternal liver saccules and medial gonads us ,n 
Sv pericardial auricles reduced, hypopharyngeal streak of pharynx re¬ 
dact to broad tract (Fig. 03) ; O. taUxboti and hacksi Marion, G. al-yastcola 
Speng WilUyxa Punnett, branchial part of pharjmx smell compared with 
ventral portion, without dermal pits, synapticula, medial gonads. 

Fam. 3. Harrlmanlldae. Boreal forma with largo eggs and direct 
(lovolopniont, vermiform process of notochord end dorsal roots of inodul- 
lary cord absent; cornua of proboscis skeleton, efferent vessels of proboscis 
and porihoemal cavities as in Olandiciiniidae ; pcrihaemal spaces present 
or absent; no circular muscles in body-wall of trunk ; synapticula and 
extomal liver saccules absent. Harrxmania Ritter, proboscis short, 
proboscis pores paired, peripharyngeal spaces absent, medial gonads 
present ; H. kupffeH v. Will.-Suhm ; H. maculosa Ritter. Doltcho- 
glossus 'Speng., proboscis long, proboscis pore unpaired, ponpharyngc^ 
spaces present, medial gonads absent ; D. kou:aUvskii A. Ag., 
mereschkowskii'S. Wag., D. • Spengel, with a dorsally grooved 

proboscis and 10 or 11 pairs of gill-slits; D. ruber Tattcrsall, from 
west coast of Ireland. SUreohalanus Speng., proboscis short, two 
proboscis pores, two pairs of genital pleura?. ^ ^ 

Fam. 4. Protobalanldas.f The coelom preserves its primitive arrange- 
mont, is froo from mosonchymo and its mesontorioa persist. Lateral st-pta 
are absent from tho trunk, and perihoemal and peripharyngeal cavities 
from tho collar. Gonads in a single row. The other characters as in tho 
Horrimaniidao. Prolobatanua Caullcry and Mosnil. P. koehUrx, 4-6 cm. 
in length, St. Martin’s Bay, Cap do la Hague, north coast of Franco. 


• Doticbogloaaus olagoenaia Benham 42, 1899, p. 497), ft form 

recently described from New Zealand, creeps on ^weed by means of 
a very contractile proboscis, which is grooved dorsally aa m />. sulcaius ; 
It posacaaes only 12 pairs of gill-slits. 

f CauUery ct Hoanil, ZooL Johrh. Anat., 20, 1004, p. 227, 
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Oidor 2. CEpnALOniscinA. 

Entcropnr.usta in wkii'k the collar is prolonged mto paired ienta‘ 
culijrrous amis and the trunk is much shortened in its anterO’ 
‘ItosU rior axis, with at most one pair of hranchial apertures. The 
animals live in colonies and inhabit tubes which are formed by the 
jinthoscis. 

'J’lio (Vpimlodiscida <!ompri»c two gen«*ra, Cephalodiscus Mo- 
Ifitoali and Ithahdoplcura Allman. They are colonial animals 
whicli poflscHS tlio power of budding and inluihit tubes secreted 
by tbe ectoderm <>( tlie flattenetl proboscis. Tlic two genera 
while agreeing in in«»st pinnts of structure differ in tlu* presence 
or ab.sen»‘e of braneliial apertures. In Cf phalodiMcus there is one 
jmir of lateral <ipenings leading outwards from tlio pliarynx ; in 
Jlhob Ittplnira briiii' liia] apertures are absent. In the following 
aerouiit llie (wo treni-ra nr<- dealt with se]>arately. 

I 'i jilnifiidlsrii',* r< semhles th(’ lla!unoL'b''^'«id.s in the main plan 
of its organi/.ation. but clitfers from lla.in in tbe fact that the 
lunik rei/ion. thmigli rx«ooditigly sbi>r(»n»'d antoro pcisteriorlv, 

1 Hill'll elongnt*'1 in 1 lie dorso-ventr.il diivilion. and in the 
ri si I il l ion of i i i tain trunk oi gaiiH, wliieh are repi'.ii d iti tlie 
|tal.uioo)i,ssidji, to a siiiL'Ir pair, e.g. gill-slits and gonads, More¬ 
over, it !ia-< the power of rej»rodiu“ing itself by l>U(lding ; and 
seM'ral iiulividu.il.s live in a.HSoeiation in a single tube system. 

t'l ph'il'rli.^rni wn.s diKcvored by tbe ChalUtujtr in liSTt^ at a 
depth of 2t.» fdlioms, ill the Strait of Magellan. It has since 
hi» ii fmual ill other hu iilities (Japan, and from eomparatively 
sh.illuw \NrUi r ill the M:da\ Arehipelago and in the Antarctic), 
it was at tir'l thoijylu to be a eoiiipound Aseidian. ^Then it 
\\.e< referred to the f’-dt/zun. and it wa.s not until lft87 that its 
-’liu'ture was sat i-'f.e loi ily eluci«lated by Harnier and its real 
nature as an ally of the Kiiteropneusla demonstrated. 

.\ eotisidoiable lunnlk r of indivuluaU, probably all protluced 
l>y luahluig from a single original iiuli\ idiial. li\e together in a 
V ing, sometimes aiui.^lomosing tulies which 


V M li.i 1 <.|.!m|.., i3c l^ ChalUngitr Iti>i.orl 4 >. v.>l. gO, 1S87. 

.V I. Jl.nn.i-. \|.|w,..loc to tl... j.r.todlhg. J<J.. On tlio Notu.-liord of 

( H'e l-ternl.r^nrhia of tho 

^e-.ca l.vi..-lit,..n. hr,..,!,tic. vol. I,],, laor,. T. Mnstormnn 

(I f SI i Iir»» • K • Iiii.iKHIj-ti Ai4 U J A/ *S* In n *1 iti i 'r * 

u ft.-vet Ot h.linhnrgh. ISUH. Id., 4*1. lOO.-l, p. 715. 
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consist of a flexible, brownish semitransparent material. The 
tubes are composed of superposed lamellae and are probably 
secreted by the proboscis of the animal (see below). The organ¬ 
isms are not attached to each other or to the wall of the tube in 
anyway, but appear to have the power of moving freely about 
inside it. Scattered about here and there on the tubes are large 
rounded apertures, near whicli the individuals are often found, 
and tlirough which they can protrude their tentacular tufts. 
The tubes are covered with tai)cring spinous processe-s of their 
walls. The cavity of the tube may be continuous or it may be 
divided up into cliam- 
bers, one for each in¬ 
dividual or zooid. 

With regard to the size 
of a colony it may be 
mentioned that inCepA- 
alodisrux (VjdectUophus 
the network of tubes 
covered an area of 9 
inches by 6 inclica. 

The stems have a dia¬ 
meter of from 4 to 10 
mm., and the whole 
colony appears to have 
boon attached to mar¬ 
ine objects such as 
stones, spongers, etc., 
by vertical stems which 
descend from the 
underside of the net¬ 
work U> tlio«Bubstratuin. The natural position of the colonics 
would thus appear to bo horizontal. The full-grown individuals 
of O. d^idecalophus measure about 2 mm. in tlicir longest diameter. 

CepJuiiodiscua may be described as an animal in which tlie or- 
anal axis of the body is very short and the ventral surface behind 
the mouth is produced into a large hump in which the alimentary 
canal is continued (Figs. 77, 78). This ventral liurnp terminates 
at its ventral and anterior end in a pedicle on wliich buds are 
continually being formed. 

The mouth is ventral and anterior and is overhung by a largo 



FfO. ^l.—CepHoMUctu d4>dtcal0phu», nntcrlor v{«w (after 
IfcInUwti). i icntacici ; 2 prolK*8cU (bucciU shicldj ; 
3 pigment bud on proboseid ; 4 budi»; 6 pedicle ; 6 
ifUfllC. 
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preoral lobe (Figs. 77, 2 , 78. 18 ) caUed the buccal disc or proboscis. 
Behind this there is a region of the body wMch, except in the 
young bud, is not very distinctly marked off either from the 
proboscis in front or from the trunk bebind. This is the collar 

region. 



T\o 78.— M«.Uan vnrtlM! Miroii-r** dndeealophtu (offer 

Harriif^r. from Look). The flsiiro l» <lit»flr.-»n»ninfic. ruprrloliy In the Jnct Ihot rortoin etnir- 
tiue« uot In the inlrldlc line .\rti shown. 2 nerxims sv.tnm ; 3 collar coelom • A poott-rnl 
lomrlW (.-.perculum); A trunk roclom ; S pharvoT ; /fl oe.«op|j.-»B:u ; etoiij.ich ■ 72 ir». 
tcntinc ; IJ buccal c*vily ; 7J pcllele ; 75 o\ary ; /C .nnna ; // ovtiluct; 7A pri>l>o*c'* 
(buccnl shield) ; probosc j cih.-i jm ; £0 one ol Uic pruboscls Porcj ; 27 notocliordal »ll%cr- 
Ufiilu>Q of tbo phoryoz. 


The collar forms no projection round the base of the proboscis 
In th‘> mid-dorsal region, but its ventral and lateral portions pro¬ 
ject forw ard, forming a kind of lip (Figs. 78, 79). This lip is called 
the operculum* : it forms the ventral and lateral edge of the 

• Ttie operculum can bo folded backwards, a poculiarity which com- 
bmod w.th tho incon-spicviousneas of the ventral port of tho collar has led 
6omo authors to describe it as a projection of tho posterior odgo of tho 
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mouth-opening which Ues between it and the base of the proboscis 
stalk. The arms are prolongations of the dorso-lateral parts of 
the collar commencing at the point where this lip-like projection 
passes into the dorsal part of the collar. They are tent^uU- 
ferous and vary in number from four to six pairs (one pair in 


the males of C, stbogae). In 
O. dodecalophw they are 
slightly swollen at their ex¬ 
tremities. 

Each arm contains a pro¬ 
longation of the collar body- 
cavity (Fig. 79) and is grooved 
on its ventral surface, the 
grooves imiting in pairs and 
converging to the corners of 
the mouth, near which they 
terminate. 

The ectoderm of the swellings at 
the end of the arms of C. dodecalo- 
phu* contains a number of ovoid 
globules of a clear substance which 
have been variously interpreted as 
organs akin to the rhabdites of 
Turbollaria, and as the refractive 
structures of a rudimentary visual 
organ. Similar refringent vesicles 
are found along the whole coureo 



of the arms of the males of C. 
•ibofftu. 

Behind the collar region is 
the trunk, the ventral portion 


1 7a_Tnnsvene McUoa through 

littut dodetaitnihut (alter Uartner). J «ntral 
lervoiu ey»teni of the collar region; i oper- 

?Slum tuSod backward.; / ^ 

; S •tomjtch ; 6 inUttino, 7 

truDk'Coelom ; S ; 9 collAr-pow ; 1 

. St ABiM 


of which is prolonged into the 

huge hump before referred to. The single pair of go 
(Fig. 78, 15 ) are placed in the anterior part of the trunk, 
just behind the collar, and open dorso-laterally one on 
side. The anus is at the hind end of the dorsal surface 
(Fig. 78, 16 ). The proboscis presenU a broad disc-like 
towards the front (Fig. 77) and is marked by a crescentic 
of pigment in its ventral portion (j). Its anterior wall is cov 
with a glandular ectoderm, which appears to play some part in 
the formation of the tube, as in RhabdopUura. The mouth is on 
the ventral side at the junction of the proboscis and collar (Fig.78) 
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find ia usually entirely hidden by the ventral portion of the over¬ 
hanging probosois. 

Tlie alimentary canal (Fig. 78) consists of mouth-cavity, 
pharynx, oesophagus, stomach, and intestine which opens by the 
posterior and dorsal anus. The bulk of it is contained in the 
great ventral hump so characteristic of this animal. 

'fho anterior end of the pliarynx gives ofl a fonvard diverti¬ 
culum wliicli extends througli the collar region into tlie prf»hosci 8 : 
this is the notochord (Fig. 78, 21 ). There are two gill-slits, one 
on eacli side leading outward from tlie pliaiynx and oix'iiing 
vcntro-laterally on the anterior part of tlie trunk. Tlic body- 
cavity is arranged as in other EtUer&pneusta, i.e. it consists of an 
nn|)airtd chamber in the proboscis which opens to the exterior 
by a pair of pores at the junction of the proboscis and collar 
region of the body (Fig. 78, 20 ) ; of a pair of chambers in the 
collar region, which also open outwards by a pair of collar pores 
(Fig. 79, 9 ), and of another pair in the trunk w’liich are in rela¬ 
tion with the greater part of the alimentary canal and with the 
fiviiries, and wliich do not open to the exterior. The two halves 
of the l)ody-ca\ity of the collar overlap dorsally the hinder 
part of the probos '1-* region (Fig. 78, j). The d(»rsul and ventral 
Mil sentcries ap})«‘ar to persi.-tt, eojupletcly or incompletely, in the 
(ollar ufid trunk rcrion.-'. I'lie se.xes are separate anti all the 
iiidiviiluals of one colony are -d the same sex (except in ('. nig- 
p, HM>). The ovaries are paired sacs phead dorsally in 
the anterior part id the trunk ugioii. They t>pen tt' the exterior 
hv ttvii stiort ovkluct J, the widls of wliieli .ue li- hly pigmented 
(Fig. 78. 77 ). The mule colonies appear, in sotie- spoeies (o.g. 


siho.jiie), to be dimor\;)»ie, coutainiii.; male iiidivi<l nil' v-hteh are 


char i< t'^rizi'd by possessing two urnrs without tcn(ai.l« a long 
pf.li. le and an nhortivr* alimentarj' canal, and neuter indivitluals 


which arc like the feniales but v.itlioiif ovaries. The. ooeloni of 


the proliosfis and collar ar.' to some, extent obliter.ded by tmiscle 
ami t‘i>nnfeti\e tissue, as is the prolongation of the trunk body- 
c.iMty in the pedicle. The organs appear to be 8 e])arated by a 
liavincnt membrane as in tlie Halanoglossida and there is no 
eoimei’ti\t- ti'^suc the usual kind except in the coelomic sacs in 
tlic (luM.il region oI tlie collar. Tlie central nervous system 
i» rontained ir 4 the ectoderm. It extends forwards on to the 
hinder part of tlie proboscis and the proboscis pores perforate its 
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anterior portion (Fig. 78). It is moreover continued as a nervous 

tract along the dorsal side of each arm. 

The pedicle is a process from the ventral surface. It is said 
to be largely filled with longitudinal muscular fibres, but it appears 
to contain a prolongation of the posterior body-cavity. Buds 
are formed upon its terminal portion. From one to three buds 
are found upon almost all full-grown individuals. The endo- 
dcrmal tissues of the parent do not extend into the pedicle and 
play no part in the formation of the bud, the alimentary canal 
of the latter being entirely formed by an invagination of ecto¬ 
derm. 

CtphalodiHcua has, »n its proboscis and in close contact with the noto- 
chord, Btructiiros corrospomling to the poricardiul sac, glomerulus, and 
contnil blowl-sinus (heart) of tlio Balanoglossida. 

Tho poricardiul siw is at tho anterior ond of the notochord and contains 
tho hoart in its interior. Blood vcssi.ls have been made out in other 
parts of tho body as spaces tho walls of which are probably formo<l 
by tho walls of tho mosodonnic covities, or they may bo spocos between 
tho same structures and the octoderni or ©ndodorm. 

Free eggs and embryos are found in the tubes of some species. 
Tho ova arc of a fair size and contain a considerable quantity of 
yolk. The cleavage is complete and the embryos leave llie colony 
at an early stage as ciliated planulas. 

Tlio f«>llowmg spocios are known. C. dodccalophua M'Intosh, with 12 
arms, with ond bulb# and vesicles ; cavity of tube continuous ; Straits of 
&Iagellan. 418 metros. C. levin«eni Harmor, with 12 arms, withovit end- 
bulb# or vosiclos ; covities of tho tubes divided up into chambers, one for 
ouch 7 >oojd ; sou l>otweon Japan and Corea, 183 metro#. C. gracilis Hnriner, 
very small ; with 10 orms, apporontly without ond-bulbs and vesiclosi in 
adult ; E-. coast of Borneo, roof. C. aiboyae Harmor, male-colony only 
known, with dimorphic individuals (see p. 108) ; S-E. of Celebes, 
75-94 ntoli'os. C. nigreseen* Lankostor,* colony largo and nuissivo, nearly 
transparent, with tubes projecting from its auiftice, ooch tube being rut oil 
from tho rest and containing one full-grown zooid ; tho zooids are deeply 
pigmeutod uiid largo (4 5 inm. X 1 mm.) and have 6 to 8 pairs of arms 
which nrti without terminal swellings ; eacli colony contains inalo, foiuule, 
and hermuphrodite individuals, the latter liavirig one ovary and one tost is ; 
Antarctic Ocean, in 100 fins. 

Tho genus I{habdopleura'\ Allman must also, in view of Fowler s 


• Pror. Boy. Hoc., 1905, 7® B, p. 400. 

^ Aihniin, Q.J 
X^anluMiU^r, 24, 

p. 132, also in Leuckart\ - -r—c - . . , » 

4tt. 1004, p. 23. Schepotieff, A. Zur Organisation von 

Btrgtru Museums Aarbog., 1904, No. 2, ond Zool. Anzeiger. 28, IWo. p- / Jo. 


S 1809, p. 57. Sam, Q.J.M.S.. 14. 23. 

I, 1884, p. 022. Fowler, Proc. Boy. Sue.. lh >3. 
!’# FesUehH/t, Leipzig, 1892, p. 293. and 
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work, ba placed in alliance witii the n)iitcropneu8ta. It difTois, 
however, from tlie otlxer members of the phylum by the absciie-o 
of pharyngeal apertures. 

It exists in the form of colonies, the zooids of which are coii- 
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norntant (AUiiifto). Lolutrn iBknda. k U\. a i 
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nccted witli ono aimthcr 
by living substance and 
are contained in trans¬ 
parent tubes of a cliitin- 
liko material. The colo¬ 
nies have the form of a 
branching axis wliich lies 
upon the substratum and 
gives off at ii'ivgiilar 
intervals the terminal 
branches. These, for the 
most part, after adhering 
for a short distance to the 
siihstratnm, rise up and 
project freely into the 
water. At their free ends 
are found the openings of 
the tubes by which the 
zooids come into relation 
witli the external world. 
The zooids consist of a 
body and a stalk (Fig. 81) 
The body is small {*12 
mm. in diameter) and 
possesses at its anterior 
end a preoral lobe—tho 
buccal disc or proboscis, 
a pair of teutaculiforous 
arms arising laterally at 
the level of the mouth 


, , from the collar region (see 

below), a mouth on tho ventral aide of tho buccal disc (Fig 82 8 ) 

and an amis (j) placed at about tho same level as tho mouth’on 

the dorsal side. The stalk is the narrow ventral end of the body 

which passes down to join the oommon axis of tho colony in tho 

oreepmg stolon. Its connexion with the body is somewhat an- 
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teriorly placed. The tube is secreted by the buccal discs of tlie 
zooid. It consists of a series of rings, each of which is secreted 
separately by the buccal disc and added to its predecessor. It is 
therefore quite independent of and separate from the bodies and 



jfio. Sfior* 
tftani from the rjglit tide 
(afUr Lankeeter. troin 
i buccal disc 

iMcls); g Anns with tco- 
tAclcA; 3 regloo of the 
goIIat pore ; 4 sous : S 
tnmk ; 6 sUlk or pedicle* 


stalks of the zooids^ and the body of the animal can move freely 
within its tube* It can be retracted into the tube by tiie con* 
traction (into a spiral) of a muscle in the stalky and it can crawl 
up the inside of its tube by liclp of its buccal disc and can protrude 
its arms from the terminal opening* 
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Tlie common axis consists of tlie stalks of the zooids in earlier 
stages of the growtii of the colony. It lies within the tube and 
the older parts of it possess a cuticle on its ectoderm. This 
cuticle l)ccomes hardened and of a dark colour. It fuses second* 
arily with one side of the wall of the tube and forms a con¬ 
spicuous object as a darlc brown, thin rod easily visible to the 
naked eye in the creeping stolon of the colonies. Some of the 
terminal branches of the colony do not rise up, but the tubes 
witli their contained a.xis continue along the substratum and end 
in o{)cn mouths. Tlicso are actively grow ing proliferous branches. 
Th(^ axis in them tcTininates in an imperfect zooid, the proboscis of 
which adds to tlie tube, while iU stalk has lateral wart-li!.o buds. 
Tranusverse septa arc formed across the tube between • buds, 
and the buds increasing in size hurst through the wall of the tube 
and grow outwards from llic creeping axis as iinpeileot zooids. 
Most of tlie new zooids so formed rise up and develop into the 
perfect form : a few no doubt .'\ 4 lher 0 to the substratum and 
forai new proliferous braiiehcs. it follows from lyhat has been 
sriil that the ercepiug (stolopl* ) })art of the tube is divided up 
ir to cliamhcrs by sejda w iuch do not however interrupt the con- 
tiuuitv of llio livm/ .'udistOiKc of tlie stalk, and from each of 
whi' h one zooid-hcuritie or.oi< h arises. There arc no branchial 
ajii-rtu'i.s, iuit t’li 'c is on ai h >ide a groove, between the inser¬ 
tion .if llic pr.)hi*A:-is and tliat of ilie ninis, which leads through 
(he mouth iiitr. ;he ocsoplia'ju<m the side-wall of which it can 
h i.i cd. This ;rroovc i-. c.d'.al tin' branchial groove. 

* lie nnat<any of th'‘ ammal (nay ho understood at a glance by 
i i'i[*cction of Tig. S2. Tlie alnneul iry canal b bent on itself. 
The hu -. al cavity is pnjvule 1 witli an anteriorly directed diverti- 
tuhim wliK-h is contiimoj«? with. .1 rod-Ukc structure, apparently 
!i,vlf-ccllidur and half .^i latinoul (rii;. .‘^2, 1 ;). This, wluch is 
clearly compar.ihle to the noti cljordal diverticulum of other 
Kntcroprieusia. ]u<''jeels into thi ha.'?e of the preorai diso (pro- 
hoscis). The It-xly cavity, wlikli appears to have a rellular 
lining, is divid'*d into tive cluimbcrs arranged as in other Entero- 
pneusta ; viz. an iinpni((*d clumibcr (lo) in th** pie. ral disc (pro- 
hoM-is). a jjair »»f chumher.-i separat'd from one another by dorsal 
and • . riti.i) ni’diai: and pl.aced in what may be called the 

^ ol!:ir regi' 1(1 ot ilie body (h'ig. 82. j), and finally a pair of chambers 
in the trunk in relation with the greater part of llie alimentary 
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canal { 4 ). The collar-cavities are continued into the arms, which 
arise from the collar region, and the trunk cavities appear to be 
continued into the stalk. At any rate the stalk contains in addi¬ 
tion to its muscu! -r tissue two cavities separated by a septum.* 
The proboscis-cavity possesses a pair of pores, and the collar- 
cavities communicate with the 
exterior, each by a collar canal. 

On the dorsal side of the collar 
region behind the collar coelom 
(Fig. 82), there is an ectodermal 
thickening which seems to corre¬ 
spond with the nerve j>late of 
CepJtalodisciLa and the medullary 
nerve cord of the Balanoglossida, 

Mesoblastic skeletal tissue, ap¬ 
parently ai mil ar in character and 
relations to that of the Balano- 
gloesida, occurs in the arms and 
tentacles, and in the axis of the 
stalk. 

Most of the specimens hitherto 
found have been devoid of 
generative organs, but in a few 
there was a testis in the form of 
an elongoted sac lying parallel 
to the intestine on the right side, 
and forming a projection on the 
surface of the body ; it opened 
close behind the onus. 

A vascular system consisting 
of a dorsal and ventral vessel 
has been described, and there appears to be a pericardial vesicle 
and heart at the anterior end of the notochord os in other 
Cnteropncusta. 

Rhahdopltura'\ is a marine animal and is found in compara- 

* Fowlor tliinloi that the stalk contains a cord of endodcrni which is 
oontinnous with that of the aiirnuntary canal. If this is so, tho oiidodorra 
may parliciputo in tho budding. 

t It has boon buggostod that the section of tho Graptolitos known as 
Monoffraptidae are noarly rcJntod to lihabdopUura (see AUnuiii, On tho 
Morphology and Aflflnitios of Graptolitos, Ann. and Meg. Nat. Hist., 
1872. and Hchopotlsfl, Ntues JahrtAich /. Mintralogit, 2, lOOS, pp. 70-98). 



FlO. 82.— Khabdoplewa rwrmani lo Ioa0> 
tudiosl verUca) ecctiou <aftor Fowler 
from Laos). 1 erm of one side, lodl* 
ested by dotted Unes : 2 eaterlor paired 
(collar) coelom; 3 aniu ; 4 posterior paired 
(trook) coelom ; 6. 6 allmoutary canal; 
7 bnccal eavltv ; 8 mouth ; 9 anterior 
diveiilculum of buccal cavlty(notochord): 
JO anterior unpaired (proboscis) coelom ; 
iJ buccal slileld. 
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tively deep water (40 to 120 fms.). It is widely spread, having 
been recorded from the Norwegian Fiords, off the Lofoten and 
Shetland Islands, off Tristan d’Acunha, South Australia, the 
Malay Archipelago, the Azores, Ireland and Brittany. 

The question of tho relationship of PhoronU to the Enteropneusta 
was dealt with on p. 647 of vol. i. of this work. Since that passage was 
written several memoirs * dealing with the development and structure of 
tho Actinotrooha larva have been published. The upshot of these is to 
justify the criticism there set forth. To take tho points seriatim, the exist- 
once of a ** neuroporo ” and subnoural gland " has not been confirmed : 
on the contrary it has been denied by Ikeda and Goodrich. The rolatioiis 
of the stomach cfficum of Actinotrocha have boon shown to bo not thoso 
of a notochord. No evidence is forthcoming to contradict Caldwell’s 
original statement that tho cavity in the preoral lobe of Actinotrocha is 
lioemoeoelic (so-called primary body cavity of tho trochosphero}, .md not 
a coolomio sac. It seems fairly clear that nothing comparable to proboscis 
pore.) or to collar poros are present. The only new point that has come out 
in this connexion is that the preseptal body-cavity of the adult is present 
in tho old larva os a horseshoe-shaped cavity which undorliee the ring of 
tontaclra and sond extensions into them, but tho development of this 
cavity has not been ascertained. Finally, it has been shown that Cold* 
well was right in Ids account of tho larval excretory organ as a ciliated 
canal not opening into tho body-cavity, b\it terminating internally in 
some peculiar cells which recall thu so-called flame cells of Platyholminthes 
and Annelid lar\'ae, etc. (solonocytos of Goodrich, see vol. 2., pp. 27, 28). 


• M»i8torman. Q.J.M.F!., 43. 1000, p. 376. Ikeda, Journ. CoU. Set. 
Imp. Univ. Japan, 1:1, lOOO- 1, p. 507. Goodrich, 47, 1903, 

p. 103. Schultz. Z./. w. Z.. 75, 1903, pp. 391, 473. M. de Solys Long 
champ' Mhn. Clas^e Set. AcaJ. BfJgique, i. 1904. 
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With a radial, ueuaUy 'pentamerous arrangement. The body- 
wall contains calcareous plates and generally bears spines. The 
coelom is divided into tioo welUmarked portions—the perivisceral 
cavity and the waiervascular system, and the gonads are not con¬ 
nected with it in the adult. 

The Echinodermata, like the Coelenterata, present a radial 
arrangement of their principal organs and were for that reason 
united by Cuvier with the polyps and medusae in the group 
Radiata. With the progress of anatomical knowledge, it soon 
became apparent that the organization of the Echinoderms 
differs totally from that of the Coelenterates and belongs to a 
much more complex grade of development. This fact, which 
was first recognized by R. Lcuckart, led to the separation of the 
two groups and to the establishment of two independent phyla, 
the Coelenterata and Echinodermata. A trace of the old view 

• Fr. Tiodemann, Anatomie dtr Rdhrenholothurie, dea pommeraw/ar- 
berun StaaUmesv. des SUinaeeigela, Hoidolberg, 1820. Do BlaiovUlo, Manuel 
(TAetinoloffie, ParU, 1834. L. Agassiz, Monogr. Echinodermea vtvanta 
et /oaailea, NouchAtol, 1838-42. L. Agaaaiz ot E. Desor, “ Cat^ogue raisonn6 
dos familloa, dos genres et des osixScos de la classe dea Echinodermes 
Ann. Set. not. (3). 6, 7, nnd 8. 1840-7. E. Forbos, A Hiatory of BrMxah 
Starfiahea, Ix)ndon, 1841. R. I.«uckart, Ueb. d. Morphologxe u. Ver^ndf- 
acha/tverhaUniaae d. wirbtUoaenthiere, Braunschweig, 1848. J. Muller, 
“Ueb. d. Bau d. Eohinodorinon,” Abh.d. Berlin Akad., 1863. Id., Siebon 
Abh. iib. die Larvon u.d. Entw. d. Echinodermen,” .46*. d. Berlin Akad., 
1846, 1848, 1849, 1850, 1851. 1852. A. Agassiz, “ On the Embryology of 
Echinoderms.” Memoirs of the American Academy, 1864. E. MeUclinikofTj 
“ Studien u6. die Entwickelungageach. der Echinodermen u. NemeriiMn, 
St. Potorsburg, 1860. H. Ludwig, “ Morphologische Stud tn an Lchmo- 
dermen,” Z. f. w. Z., 1876-82, Id., “ Echinodormon.” in •' Bronn a Ktaaaen 
u. Ordnungen," in progress. O. Hamann, “ Boitrago z. Histologio d. 
Echinodermen,” Jena. ZeiUchrift., 1884-89. L. Cu'^pot, 
rnorpluilogiquoB Bur leo EchinodermoB/* Arch, dc Dioloffte^ 

Duraam, ** On Wandoring Cells in Echinodorms, Q.J.Ai.S., 33, IBSrJ. 

P. H* Carpenter, several inetnoirB in tho Q.J.Af.S. und other Journtti«, 
1875-1800. E. Ray Lankester, A Treatise on Zoology, Ft. 3, 7 fu tchtno^ 
derma, London, 1000. E. W. M&cBride, Echinodennato, in vol. I oi tho 
Cambridge Natural History^ 1006. 
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has until quite recently survived in the juxtaposition of the two 
phyla which used frequently to be found in works on Zcology 
and Comparative Anatomy. But of late years it has been 
recognized more and more clearly that this juxtaposition is not 
warranted by the facts and that the affinities of the Echino- 
dormata, in so far as any can be traced, are rather with the 
higher phyla of the Metazoa, than with the lower. Expression 
was given to this view in 1877 by Huxley in Ids Anatomy of 
Invertebrata and in 1880 by F. M. Balfour, who in his Comparaiive 
Embryology placed the Echinodermata at the end of the volume 
dealing with the invertebrate groups, in the neighbourhood of 
the Enteropneusta and Chordata. Tfds example was followed 
in 1890 by A. Lang in his textbook of Comparative Anatomy, 
and now we. In the liglit of the most recent work on the subject, 
have thouglit it right to take the same course. 

The Echinodermata are radiately syrnmetricol ^nima la -(see 
p. 117) in which thojiu mberoFr^ii is nearly aTw^s fiy gjirjonap 
multiple of-fivo. Tins symmetry is, howcvc F, charact^stic of the 
adiiffonly, for in the youngeskatate all of ^he gnmp are 

bilaterally symmetrical and ifThCarTy all there is a free -swimming 
bilateral larva. iTho view usually taken and adored by us 
wlreiTfef^rHng to the matter in the chapter on Mollusca in tho 
first volume of this work (p. 317) is that the bilateral symmetry 
is tlie primitive svinmetry possessed by some adrlt ancestor 
and that the radial arrangement is to be regarded as a distortion 
from the original condition. Now, however, after a more com¬ 
plete study of the grouf). we sec rca.son to suspend our judgment 
on this matter, and though wo should hesitate to adopt the 
view that the Echinodermata have been derived from asym¬ 
metrical or from radiately symmetrical forms, and that the 
larva has been especially produced and modified for a free- 
swimming life, we are of opinion that there is at least as much 
to be said for it as for the older and mere usually adopted view 
that the ancestral form was a form in which bilatcj-al symmetry 
had been completely evolved.* 

Tlie radial 8ymm_eiry_is p-ypre^ d not nnly^ n thr> nx iemnl 
appearance, but also in the oiraugeiaen t of mo st cl the internal 
organs. It is, howevCrT^c/er co^yiletely cairied o^j_jind in 

* For a diseuedion of this quodtioHi 000 the section on ** Affinities/* 

n. 100. 
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6orae forms (certain Echinoids) there i s a tendency to bilateia l 
symmetry. 'Speaking generally the body may be described as 
spherical 6r”"discoidal in form, with the mouth in the centre of 
the lower * surface and the anus at or near the centre of the 
upx>er surface. An oral and aboral surface or pole may thus be 
distinguished. The anus varies more in position than does the 
mouth. The mouth is nearly always in the centre of the oral 
surface or at the oral pole ; in a few Holothurians, some Echinoids 
and in Actinomelra among Crinoids it is slightly shifted from 
this position. The anus on the other hand is central only in 
Holothurians, and even in some of these it is sbghtly displaced ; 
in Asteroids and regular Echinoids it is very near the centre of 
the aboral surface, but always slightly excentric ; in irregular 
Echinoids it is at some distance from the central point and 
sometimes on the oral surface ; and in Crinoids it is always on 
the oral surface. In a few Asteroids (Astropectinidae, etc.) and 
all Opluuroids the anus is absent in the adult. 

The radial structure is indi cated externally by the roy 78_of_tube:_ 
feet (p.T 2 n ) win cTTcxtend outwards from the mouth towards the^ 
aboral pole. The surface of the body is thus marked into radii 
iitong^nch the tube-feet are arranged^and into rnferradll=^ 
the TiortioQsTjctwccn the tube-fcct_X<lBts- In Asteroids, Ophiu- 
roids, and Crinoids the radial portions of the disc are prolonged 
into processes, which constitute the arms ; in Holothurians and 
Echinoids the radii are not so’ prolonged and there are no arms. 
The rows of tube-feet never extend quite to the aboral pole ; 
it is therefore possible to disfinguisli that portion of the surface 
of the body from which tube-feet project, as ambulacra! or actlnal, 
from the antambulacral or abambulacral oF”abactinaI surface 
which is without tube-feet. In tlie braebiate Echinoderms, that 
is in Astcroidea, Ophiuroidca and Crinoidea, these two regions 
or surfaces are about equal in extent, the whole of the oral 
surface being arabulacral, and the whole of the aboral surface 
antambulacral. In such cases it is customary to call the 
lower or ambulacral surface ventral, and the upper or antam¬ 
bulacral surface dorsal. But it is better not to use the terms 
dorsal or ventral in adult Eebinoderm morphology without 
prefixing the word adult, because dorsal and ventral are used 

• In Crinoidfl and thoir allies the oral surface is turned upwards in the 
nntural poaition of the onifnal* 
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in an entirely different sense in describing the larvae and in 
adult Holothurians, and cannot be used satisfactorily in Echin- 
oida at all. In Holothurians and Echinoids the tube-feet extend 
almost to the aboral pole, and the antambulacral surface of the 
body is restricted to the very small region round the anus. 
Moreover in Holothurians, in which the body is cylindrical and 
lies with its whole length applied to the substratum, it is usual 
to call one surface of the cylinder, viz. that on which the single 
genital opening and madreporite are placed, the dorsal, and the 
other side the ventral. In many Holothurians the animal always 
hes with the three radii {trivium) of the so-called ventral surface 
directed towards the substratum and uses the tube-feet of these 
radii for adlicsion. the tube-feet of the two dorsal radii {bivium) 
being without suckers and probably used for respiration and 
sensation only. In pcntameral Echinoderms the v/orda bivium 
and trivium are frequently used to designate the two groups 
in^o which the five radii may be divided. These words arc 
used however in a somewhat vague sense and it must not be 
supposed that the arms of the bivium and trivium of one class 
are necessarily the same os the bivial and trivial arms of another 
class. Tlie water-pore or madreporite is generally single and 
always Interradial ii\ position. It is generally abactinal, but 
in Crinoids and Opliiuroids it is on the ambulucral surface. In 
Holothurians the niadreporitic interradius occupies the middle 
of the so-called dorsal surface. 

In Ophiuroids as in Asteroids the water-pore is generally single, 
but in Crinoids it is always multiple, there being one {Rhizo- 
crini^a) or more than one in each interradius. The number of 
water-pores (madreporites •) is however subject to variation in 
nil classes of Echinoderms except Echinoids, in which normally 
there is never more than one. 

In Echinoids, Holothuroids, Neocrinoids and Blastoids the 
number of radii is constantly five except in abnormal individuals.f 
In Asteroids, Ophiuroids, Crinoids and Cyatids this number may 


• For comploto explanation of the t^Tins wator-poro and madreporito 
800 below p. U7. It may be mentioned hero that the numerous perfora¬ 
tions m the madrop^ntic pluto of Echinoids and Asteroids repros^it one 
M at<'r“por« only. ^ 

t nateson MnirriaU f,-r the Study of Variation, London. 1894, 
p. 43- et seq In Echinoids 4- and U-rayed abnormalities are not 
uncommon, and m Hulotlmriana Ludwig found half a dozen G-rayed 
individuals m 150 spocimoiia of Cticumorifl ylanci. ^ 
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be depBkrted from.* In most cases the number of radii i deter¬ 
mined early in development, but in a few forms (e.g. Lahidiaster) 
the number increases with the growth of the animal, at any rate 
in the early stages of the adult (Perrier). In Cystids the number 
of radii varies more than in any class, the number two or three 
sometimes occurring. 

Enumeration of Radii. After some hesitation we have decided 
to adopt a definite enumeration of the radii for all classes of 
Echinoderms. Our enumeration, which is shown in Fig. 83, 
is based on the assumption that the position of the stone-canal 
and primary water-pore is the same in all classes. If that 
assumption is incorrect, which it may very well be, *!■ the homolo¬ 
gies which might be deduced from it fall to the ground. In 
any case we desire to warn the reader against attaching too much 
importance to the determination of homologies based solely 
on this assumption. We have adopted the enumeration because 
it conduces to clearness and enables us to impart a greater 
precision to our descriptions and not because we think that it 
is of any importance from the point of view of determining 
homologies. 

The interradius in which the hydrocoel closes in the larva 
presents remarkable variations, in relation to the position of 
the madreporito, as the diagram indicates, and it is probable 
that later researches will show an even greater variability in 
this respect, the number of species hitherto examined from 
this point of view being small. 


Our enumeration is idontical with that of Lovdn excepting in ite applica¬ 
tion to Crinoids (see p. 272). The first-formed water-pore of Ciinoide 
and the anus are in the same intorradiua. As our enumeration is based 
on the position of the water-pore, we assign the onus of Crinoids to inter- 
radius II, m, and not to interrodius I.V, as is done by Loven. 


One of th e most important characteristics of the Echino- 
derm ata is the presence of calcareous plates In the dermis. 
These may liave various forms, from the isolated plates and 


* In Ophiuroids and Crinoids, though the number of radii is usuolly 
five, the arms in some cases branch. 

t It is quite likely, os suggested by MooBride, that the interrodius of 
closure is the fixed point, tM position of the modreporite being variable. 
He points out to mo that the stone-canal opens on the inner side of the 
hydrocoel ring, and that the position of the opening might easily shift. 

modreporite being on the dorsal surface might alro easily change ite 
ioterradius, as tiie onus un^ubtedly does. 
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Spicules of Hc^otlmrians, which aie remaEkable for their definite 
symmetrical fonn, to the compact and complete dermal 
skeleton of y^hin nida. Xhe plates arise as c 
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Bivium 


»how« the intomdius la which to* 
oTorococi cuMs in corum obtnrved enso (vide Burr, Q J M s an n /-r ni^i % 

^itmno. lobe oo. 11« radlud li lobe no. 8 
B D-in Md Cuenoi a enumcmtton iht equlynlfince Is A-V, 

r# Bndios I is tbo right interior, and radios IV is tho left 
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of networks or spongeworks of calcareous matter in the con¬ 
nective tissue. In many of the classes (Asteroids, Ophiuroids 
and Echinoids) these plates carry spines and processes which 
project on the surface, and in the young state at least are covered 
by the epidermis. The majority of the spines are movably 
articulated with the plates, and in Asteroids and Echinoids 
some of them are specially modified as snapping organs—the 
'pediceUariae. The function of the spines is probably mainly 
protective, but in the case of the long spines of Echinoids it is 
locomotory. The pediceUariae are protective, seizing foreign 
organisms (p. 224). They are said not to bite animals of the 
same species {auioderinophxly^ UexkiiU). 

The epidermis is generaUy ciliated, but in Ophiuroids, and on 
the aboral surface of Crinoids it is difficult to distinguish it as 
a layer distinct from the cutis. 

The description of the skeletal system will be best dealt with 
in connexion with the different classes of the phylum. It wiU 
be weU however tq call attention here to certain plates which are 
supposed to be homologous throughout the group : these are 
the plates of the oral and apical systems. The oral plates are 
five in number and are placed interradiaUy round the mouth on 
the oral surface. They can be distinguished in many Crinoids 
and in Ophiuroids, but are not clearly distinguishable in any 
other class. 

The plates of the apical system are placed at the aboral pole, 
and when present are usuaUy discernible at a comparatively 
early stage of development. In typical cases (Ophiuroids, 
Fig. 84, many Crinoids, Fig. 85) they consist of a central plate 
surrounded by ten plates, five of which are radial in position 
and five interradial : the former are called Infrabasals, the latter 
basals. Beyond this circle there are five radiaUy placed plates 
oaUed the radlals. Of these plates the infrabasals, or under- 
basals as they are sometimes called, are frequently absent. In 
'Clohinoids the central plate is not pierced by the anus which is 
placed on one side of it; moreover it is frequently very difficult 
to distinguish it, owing to the presence of a number of small 
plates, called the periproct plates, at the apical pole. In Crinoids 
the position of the central plate is not certainly known, but it is 
supposed to be represented by the so-called dorso-central which is 
found at the peripheral end of the stalk. In Asteroids a complete 
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apical system can sometimes be made out, but as a rule the plates 
are indistinguishable from the other plates of the antambulacral 
surface. In Holothurians the plates of the oral and apical 
systems are absent both in the larva and in the adult. In 
Echinoidfl, in which a central plate can often be made out, the 
five interradial basala (genital plates) are always present, but 
infrabasala and radials are not found. The oculars of Echinoids, 
which are often called radials, are rather comparable to the 
terminals, which must now be referred to. Whereas the plates 
of the ai)ical system, viz., the central, the infrabasals, tlic 



Ft' 1 .vi'tfAl » * 111 n Fl**. Aplfftl sydlcm nf a frinold 

• • t <a(t«T cn'nwn). bn lofal; cJ costal (priml- 

i tvjxr * bftsal; cc cc&* I rach); ib infrabasal; un aa&l lotcrnidUl; 

• . i* u ' r ndlal; i ter* r radial (fr<uii Lang). 
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h.itjl- .1 >[ tlic radials arc developed round the right coclomic 
of the larva, the terminals are five radially placed plates 
on lilt onil wall of the left coclomic sac. They become the 
(K'liliirs t»t Rc-hinoids and those plates of Asteroids and Ophiu- 
fi'i.Js whii-h are placed at the ends of the arms on the aboral side 
of the i»rojec-tir.g end of the radial water-vascular canal. 

Tho question os to whether these plates arc in all coses homologoua is 
a very clilticiiH one to answer. It vras originally supfiostod by Lov6n 

and has been maintained by many of the later students of tho group_ 

notably by P. H. Carpenter—that there is a iuthI homology 
between these plates in the diflerent <hii»ses ; but n'cently some doubt 
has been thrown upon this view of them {see p. 20-2). It is possible 
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that the very remarkable similarity in their arrangemont may be 
due to the similarity in the general structural conditions, viz- the 
presence of a central point round which the plates are regidarly 
arranged. This view derives some support from a consideration of the 
fact tliat when the matter is minutely examined there is o considerable 
amount of variation in the arrangomont of the opical plates. *“*“ *”' 
stance the apicul pole may bo occupied by a central plate (many Ectan- 
oids, larva of Antedon, many Asteroids and Ophiurmi^K ^ y 
intorrodiany placed plates (basals in many irregular Echinoid^). or oy 
five radially placed plates (infrabosals of some Crmoida). Agmn tne 
number of circles of thcso plates varies considerably. In mony tVinoitls 
there are three, viz. infrabosals, bnsals, rodials. The .some arrangement 
occurs in many Asteroids and Ophiuroids, but in theso cla.sses there is 
tho greatest variation in tho orrungemont of tho plates near the apicat 
polo, and in many of them tho plates in this region are small und nunicroiis 
and tho typical apical plates cannot bo recognized. In Echmoids. on the 
other hand, thoro is never more than one circle, the iiiterradially placcii 

bo^ulH. 

The alimentary canal. The variations in the position of the 
mouth and anus have already been indieated (p. 117). Ibe 
aliinentarycanal pas.ses between the two, and is cltiefly remarkable 
for the very general ab.sencc of separate glandular appendages. 
The anus is ab.scnt in the adult of Ophiuroids and of a few 
AsUroids. For details tlie reader is referred to the account of 
the dilTertint classes. 

The central nervous system consists of three parts which are 
variously developed in the different classes. (1) The venlral, 
(2) the deep oral, (3) the apical. 

The ventral system consists of a concentration of a diffuse 
subepithelial plc.xus, found in most parts of the body in both 
ectodcrjii and endoderin. It is mainly a sensory system and 
supplies the skin, the feet and the gut. The ectodermal part 
of this plexas, which is continuous with the endodcrmal and 
may be called the ectoneural, is especially concentrated in an 
annular tract round the mouth (circumoral nerve ring) and in 
prolongations of this along the whole length of the radii (radial 
or ambulucral nerves). Tiioso concentrations constitute what 
wo have called the ambnlacral central nervous system. 

The general disposition of the ectoneural plexus is well shown 
In Fig. 8G : it extends into the tube-feet, in some of which, 
especially in the pointed variety, it is well developed, as well os 
into tlie Hpine.H, papulae and pedtcelloriae. 'I he endoderinal 
part of this plexus, which is called the endoneural and presi ills 
in Asteroids special concentrations round the edge of tin; mouth 
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Opening (perioesophageal nerve nng^, is found throughout the 
endoderm and is apparently continuou? at the mouth and 
possibly at the anus with the ectoneural plexus. 

In Echinoids, Holothurians and Ophiuroids, the circuraoral 
ring and radial nerve trunks are separate from the superficial 
ectoderm and placed in the wall of a canal, the epineural canal 
(Figs. 140, 169, 180), which is actually formed in development 
by the invagination of the larval ectoderm along the centre of 
each radius * (p. 160). So that in these forms the ectodermal 
part of the central nervous system attains its internal position 
by invagination as it does in Enteropneusta and Verte- 



Pig $6,—Scheme of tlic nrrvoiia eyi»tein nf the arm of a utarnnli (After Cudnnt). a wall; b 
hcKly^cavtty of arm ; c ampulU of tuhe foot; tubof<w»t ; eratllal cuiial of water-vaMinilar 
eyatem ; 7 raGlal portico of ectoneural ceiitral iicrsoui ayntein; If cetoiuniril ]ileMU of 
tubc-foot; 3 eetonoviral ploxns of akin ; 4 Lunf;c'a non e ct»rvia (deep ural); 6 iiK^uiicurul 
plexus lujt beuc4ktb Uie lougitudiral U)u»clo. 


brata, and the epineural canal may be compared to the 
central canal of the nervous system of tliose animals. Special 
nerve trunks pass from the central parts of this system to the 
skin, tube-feet, etc. At the end of the radii these radial trunks 
pass to the surface and lie in the ectoderm covering the terminal 
tentacle, if such is present. In tlio same three classes the apical 
ncrs'ous system (see below) is not present, or at any rate not 
developed in tlie same marked manner that it is in Crinoids and 
Asteroids. 

The deep ora! nervous system consists of a double cord in each 

• Thifl has been shown for Ecliinouls by MucBrido, for Ophiuroida by 
Grave» and for Holothurians by Clark* 
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radius just within the radial nerve thickening of the cctoneural 
system, being only separated from the latter by a thin layer of 
connective tissue (Fig. 86, 4). These are called Lange s cords 
after their discoverer. They lie in the outer wall of the peri- 
haemal canal and are mesodermal in origin. They are said to 
be exclusively motor in function. Round the mouth there ap¬ 
pears to be a more or less complete ring belonging to this system 
in Asteroids and Ophiuroids, but this is absent or much less 
developed in Kchinoids and Holothurians. The deep oral 
system is not present in Crinoida, or, if it is present, it lies deep 
on each side of the water-vascular canal (Fig. 197). 

The apical nervous system is also mesodermal and motor. It 
has the form of a cord in the dorsal middle bne and is developed 
from the dorsal peritoneum with which it sometimes remains 
continuous (Asteroids, Fig. 86). It is best developed in Crinoids 
(p. 283), where it is separate from the peritoneum ; it is not found 
in Holothurians. 

The sense organs, so far as they are understood, are mainly of 
a tactile nature. There are the tube-feet, which are all highly 
sensitive, and in some cases (Crinoids, Ophiuroids, certain tube- 
feet of Fchinoids and Holothurians) exclusively concemed with 
sensation (and respiration). There is the unpaired tentacle, 
formed by the projecting end of the radial water-vascular trunk, 
at the end of the radii; in the early larvae this is the only 
tentacular or tube-foot structure present. Lastly there are the 
circumoral tentacles of Holothurians, which contain prolonga¬ 
tions of the water-vascular system and are used for grasping, 
and the buccal tube-feet of regular Echinoids. In some Crinoids 
there are special tube-feet near the mouth which may be regarded 
08 circumoral tentacles. The circumoral tufts of Echinoids are 
respiratory in function and not connected with the water-vascular 
system. 

Of other tactile structures we must mention the spines which 
are richly provided with nervous tissue. 

Special organs of sense are not numerous. The pigment spots 
at the end of the arms of Asteroids ore probably visual in 
function (p. 175), as are also the shining spots on the akin of 
Diadema (an Echinoid, p. 230). The ocular plates of Echini have 
no visual structures on them and are merely perforated by the 
terminal tentacle of the water-vascular canal. 
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Otocysts are found in Holothuriana (Synaptidae and Elasi- 
poda), in connexion with the radial nerves (p. 256). 

Finally the sphaeridia of Echinoids (p. 227) are probably organa 
of some special sense. They are modided spines, and are richly 
provided with nervous tissue. It has been suggested that they 
are organs of orientation, enabling their possessor to perceive 
its position in space. 

The muscular system is very variously developed in the different 
classes. In Holothurians, only, is there a well-marked dermo- 
inuscular body-wall. In all other Echinoderms the skin is not 
contractile or but slightly contractile, and the muscles are 
restricted to special bands acting on particular skeletal plates or 
other part of the body, and to the muscular elements in the 
walls of the lube-feet and water-vascular system generally and 
of tlie viscera. In the spiniferous forms there are special muscles 
attached to the base of the spines and i>edicellariae. 

Tlie muscular ti.ssueconsist.s of smooth contractile fibres with¬ 


out transverse striation, except in the case of the muscles of some 
if the pedicell'iriac and of a few spines. 

The Coelom, t Hir knowledge of the coelom of Echinodermata 

has been of .slow growtlj. It began with the discovery of A. 

.Agassiz * that the enteron of the larva of Astcyius hr^rylinus gave 

risf- not onlv to the alimentary canal of tlie adult, but also to the 

body-cavity and water-vascular system. This discoverv was 

establi.slud and e.xtended bv the work of Metschnikoit on 

% 

Asteroid.^. J‘»uiioi«ls, and t)f>hiuroid.s, of Kowalevsky and 
SehM\ka on Hnloihuriun.-^, of Bury on Crinoids. and of Ludwig 
on A.«tcr(»ids. Finally t)»c recent work <»f MncBride has not only 
elucidated the relation.'; of the genital orgams and of the so-called 
[KTiliaeiDal spaces, but ha.s tlirown light upon the nature of (hat 
orgim wliich wa.s formerly called the “ heart ” but is now’ more 
eonunonly referred to as tlie axial organ or ovoid gland. 

Tlie eocloni arises from the enteron of the embryo os a single 
pouch. This poueli .noon separates from the enteron and divides 
into a number of .sac.s, one or one pair of which constitutes the 
hytlrocoel, the others the splanchnocoel. The left hydrocoelt 
gives rise to tin- water-vascular sj’.stem, whiletho splanelinocoel 


• “ EnU>ryolticy c.f flm StiirJlsh,” CvntrihutioM 
of the ( Suw s^ I KG 4. 

t The.' n;;ht liyJm'uol, whorj always 

no part in fonninj' the vs ater-vtuioular ayst^jiB. 


(o the Natural 
very 6inall, and takos 
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becomes transformed into the perivisceral cavity a its 
associated spaces (axial sinus, aboral sinus, periliaemal canals) 
of the adult. 

All the coclomic spaces arc lined by an epithelium, which in 
the case of the water-vascular system and perivisceral cavity 
is ciliated, and they all contain an albuminous fluid in which 
amoeboid cells float. 

Nothing of the nature of nephridia is known in the group, 
but one of the divisions of the splanchnococlic part of tlio coelom, 
vi'Z. that known in the larva as the anterior coelom, has an open¬ 
ing to the exterior. This opening is called the primary water 
pore or the madreporitic pore. The primary water-pore, which is 
frequently in Bpc*cial relation with a dermal plate called the 
madreporite« and is always interradial in position, may be a small 
simple opening or it may be subdivided (Asteroids, Eclunoids, 
many Ophiuroids) into a large number of minute secondary pores, 
whicli arc more or Ic-ss closely aggregated together on the madre- 
poiite. Though the generative organs are separate from the 
c-oclom in tlic adult, the primitive germ cells which give rise to 
them have a coelomic origin. 

We may now proceed to consider the different parts of the 
coelom in greater detail, and first of all we will treat of the 
spaces derived from its splanclmocoelic division. These are 
three in number : tlic perivisceral cavity, the axial sinus and 
the periliaemal spaces. 

1. I’he perivisceral cavity or body cavity proper is always well 
develoiK'd and in relsition with the alimentary canal and principal 
viwicra. It is devehiped from the right and left posterior coeloms 
t*f the larva and it never communicates with the exterior except 
in Crinoiils in which the water-jKires open into it (see p. 287). 
It is often traversed by complete or incomplete mesenteries 
{Holuthurians) or by strands of connective tissue, which pass 
from the body wall to the wall of the alimentary canal. In the 
hiuehiale forms the urins always contain prolongations of the 
jM'rivisciTul cavity. As Htat<rd above, it usually has a ciliated 
lining and contains an albuniinous eorpusculated fluid. 

Tlio Amosboeytss of Iho coi'lnmic Olid possibly of other orffons 

play on importunt port, um wiui lirat shown by Durham (op. cit.), inreraov- 
foreign bodios from the orgaaiam. They act oa pliagooytoa and pass 
tu the exterior by diujxxlesis through the walls of the papulae on tlio 
outside of which they disintegrate. 
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Several kinds of amoebocytee.* differing in size, character of 
tiona and shape, are found in the coelomic fluids and tissues of the body. 

In some cases spherical cells provided with a long cUium have ^n ob¬ 
served (e g. coelomic fluid of Dorocidorts). In Echinus the amoeboid cells 
have been observed to unite and give rise to plasmodia and networks. T 
In the larva they play an active part in the absorption of the calcareo^ 
skeleton, and in both larva and adult isolated amoeboid colls take part 

in tissue formation. 

2. The a^dal sinus is distinct from the perivisceral cavity in 
all classes except in the adults of Crinoids and some Holothur- 
ians (see pp. 129,152). It is developed from the anterior coelom 
of the larva and communicatee with the exterior by the water- 
pore or pores, and the stone-canal opens into it. It will be 
convenient to reserve what wo have to say about the two latter 
structures until we have dealt with the water-vascular system. 

In Asteroids the axial sinus (i.c. the space into which the stone- 
canal and axial organ project) is continued ventraUy round the 
mouth and forms the so-called inner circumoral perihaemal space 
(Fig. 131). This space is not connected with and must not be 
confused with the perihaemal space about to be described. 

3. Tile perihaemal spaces (sinus system) usually consist of 
an annular circumoral space which is called the outer in contra¬ 
distinction to that just mentioned, and of five tubes placed 
along the radii between the radial nerve cord and the radial 
water-vascular trunk (Fig. 131). This system of spaces appears 
to bo unrepresented in Crinoids. It is lined by an epithelium 
and has been definitely traced in Asteroids to outgrowths of the 
posterior and anterior body-cavities of the larva (p. 145). The 
perihaemal system must not be confused with the epineural 
canal of Ophiuroids, Echinoids, and Holothurians (p. 124), 
which lies superficial to the radial nerve cord and has an epithelial 
lining wliich must be regarded os ectodermal. 

The aboral circular sinus (Fig. 131) might be included amongst 
the perihaemal spaces ; it is a development of the left posterior 
coelom and is in relation with the generative rachis (see p. 146). 

The water-vascular system is derived from the left liydrocoel 
(p. 144). It is very similarly developed in all clas-ses of Echino- 
derms. It is the organ which pre-eminently displays the radial 
structure of the body, and is the first to show it in the larva. 
It consists of a circular vessel round the mouth with os many 

• Gu6not, Arch. Zool. Exp. (2), 0,. 1891, p. 013. 

f Fcfit^krift LiUjtborg Up^ata, 1890, 3, p. 47* 



WATER-VASCULAR SYSTEM. 


129 


tubular prolongations a.s there arc radii. These are tlie radial 
watcr-vas<’ular vessels; they give oft lateral branches to tlu* 
tube-feet all along their course (Fig. 133). 

The tube-feet arc hollow, cylindrical or conical processes of 
tile body wall, and the space within them is continuous with the 
water-vascular system by the just mentioned lateral branches of 
the radial > esscls. At their inner ends they arc connected with 
-small ve.siclos—the ampullae (Fig. 129, 26). Ampullae arc absent 
ill Crinoids and Ophiuroiils ; tlwy liavc muscular walls and their 
function is to drive the fluid into the tube-foot and so to cause 
it.s extension. The retraction of the foot is brought about by 
th<' eonlrairtion the nuisch's in its wall, the fluid in the tube- 
foot pa.ssing into tin* ampulla.* In the forms witli ampullae 
the tuhe-fcs't an* locomotive and adhesive organs. Their free 
eiwls terminati* in suekei-liki* discs which adhere to foreign 
hodii's. When ampullae arc ahsi*nt (Crinotds and Ophiuroi<ls) 
the tuh<*-fect an- purely sensory and respiratory in function 
and cannot he used for a<lhesion and locomotion. Calcaro«nis 
bodies are often presi-iit in tlu* <*onnectivc tissue layer of the 
lube-feet, ]mrll<ulatly at the sucker-like termination. 

The circuinoral vessel frcijuently possesses accessory structures 
opening into it in its interradial portion who-ri arc the bladder- 
like poUan esicles (p. 184) alnl the gland-likc Tiedemann's 
bodies (p. 185). 

The watcr-va.scular system is indirectly connected with the 
exterior by a canal called the stone- or sand- canal (Figs. 133, 136). 
Tlic slonc-cannl <jwes its nnmc to the fact that it frequently 
cunluins in its walls a large ntnouni of calcareous matter, which 
readily breaks tbrougli tlic lining and falls into the canal, where 
it is found as gritty iiiattcr. The connexion with the exterior is 
^•ftcctcd in the following way (Fig. 132) : the stone-canal posses 
oft from the clrcumoral vessel in one of its interradii to open, 
in tlio larva, into the anterior coelom which is a portion of the 
splanchnocoel. The anterior coelom, which, os already explained 
(p. 127), opens to the exterior by the water-pore, persists into 
the adult in Asteroids, Ophiuroids, and Kcliinoids as a distinct 
space, the axial sinus.f In C'rinoids it is a distinct space in the 

* For tho valve esaiating in this proooss, soo p. 182. 

t In the a4ult many of the poruu of tho ina«lroporito come to open directly 
into the dorsal ond of the Btono-cunal, but tho opening of tho stono-canul 
into the axial sinus is always iruiintained. 


K 
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young lar% a, but later iK-comca nierg*ni in the general pcnviuceral 
■•rtvity, .so that in the adult both the Htone-c aimls and the water 
iK)rcs open into the peri\'isceral cavity. In Holothunoiis the 
anterior coelom is very feebly developed, but an Buiy has shown 
it can be traced through the whole development (p. 152) and 
lias the appearance of a small appendage of the ston^canal 
(Fig. 108). In a few Holothuriaris it retains its communication 
(by the water-pore) with the »'xtenor, but in the majority the 
water-pore closes in the adult, and the walls of the anterior 
body-cavity largely break down and give rise to the so-called 
internal madreporite. It thus comes about that in meet Holo- 
thurians the stone-canal appears to open directly into the general 

body cavity. 

It sometimee hnppena (Bomo .'Xateroids and Ophiuroicls, Crinoi^) that 
\)wrv IB more than one priroao water-pore ; in etich coaea there is a cor- 
reeponding increase in the number of madreporitee and ston^anais, and 
they are generally placed in different interradii. In CrinokJa there ore 
never leas than Hve primaf>' waU'r-pores, and generally they ore much 
more nvunertmw. In the former cose there is one water-pore ond one 
wtone-canol in each interradiua ; in the latter ease tl»ere ore many of both 
•»tvu( turoe in all tlio interradii, uiid an exact coireepondence between the 
Btone-conalB and water-p^res, thotigh it moy exist, cannot bo shown. 

The watcT-vAsi, u*ar system is lined by a Hat ciliated epithelium 
fafid contains an utV.uminous fluid with leucocytes very similar 
to that found in the pt rivisceral canty and sinus system. Its 
fiiuctiop. is maiiny locomotory, but to this must be added, 
t'pinnoily in forms in which the tuWe-feet are without ampullae, 
t.rtctile anr rospirotorj' function. By some authors it has 
regarded in part excretory, but there seems to be little 
i ^ idcrc -0 in wupy^Kjrt of this. There might bo something to be 
tu- fo. tliij view, if the current through the madreporite set 
ou>,v/ard, bu1 the reverse appears to be the case (Ludwig). If 
therf i.s aoy jurient through the water-pore, it appears to be an 
one os a result of which sea water is drawn into the 
. 1 . But it may be that on eKcasion the direction of this 
’'urrent is reversed. Particles of carmine injected into the 
-vascular system are taken up by the cells of Tiedemann’s 
b'xiie-^ (Kowalevsky). 

Tiic aslal organ, which goes by various names, e.g. dorsal 
♦^rgan, ovoid gland, heart, etc., is found in Echinoids, Asteroids 
(Fig. 13t>). Ophiuroida and Crinoida. It is developed as a fold 
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of the wan of the axial sinus (except in Crinoids, p. 159), and 
consists of connective tissue and of cells which have grown 
into it froni the genital rudiment of the larva. It is covered 
towards the axial sinus by the coelomic epithelium. Its walls 
are folded so that it appears to be penetrated by tubular pro¬ 
longations of the epithelium of the axial sinus and of the peri¬ 
visceral cavity. Sonic observers have attributed to the axial 
organ a lymphatic gland function, and have supposed that it 
buds out amoeboid cells into the axial sinus, but this is ex¬ 
tremely doubtful. In Echinoids it takes up carmine injected into 
the body cavity (Kowalcvsky). As stated above the primitive 
germ cells grow into it, so that it is connected in the adult with the 
generative racliis. The axial organ is absent in Holothurians. 

Excretion. Very little is known about excretion in Echino- 
derms. There do not appear to be any special organs devoted 
to it. It is possible that there may be some organ in connexion 
with the water-vascular system or witli the axial sinus which 
is concerned with the elimination of the nitrogenous waste, 
for these organs open to the exterior by the water-pore—but no 
such organs have been certainly identified. 

Tlic so-called vascular system, wliicb is found in all classes and 
appears to be specially well developed in tlie Holothurians and 
Echinoids, is formed of a peculiarly modified connective tissue 
in which the fibres arc sparse, and wliich contains intercom¬ 
municating spaces without an epithelial lining. The fluid in 
■ these spaces docs not appear to undergo any definite movement. 
The real nature of this tissue is doubtful. By some observers 
it has been regarded as a lymphatic gland, a view which is sug¬ 
gested by the appearance, sometimes found, of amoeboid cells 
being budded off from it. Typically there is a circumoral tract 
of it with radial prolongations which lie between the radial 
water-vessel and the radial nerve cord ; an annular aboral 
tract of it, in which the generative rachis is embedded 
and which sends extensions to the genital organs; and in 
Holothurians and Echinoids a considerable development of it in 
the mesentery and on the gut wall. An account of its occurrence 
will be found in the description of the different classes. 

Thk generative glands * of Echinoderms are peculiar in the 

* O. W. Field, on the Morphology and PhysioIoOT of the Eohinoderm 
■pennatozoa, Jotirn. Morfh., Boston, 2, 1895, p. 2^. 
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fact that they open directly to the exterior and apparently have 
no relation to the coeloirt. The researches of MncBridc have 
however shown us that tlie cells composing them are, in Asteroids, 
Echinoids and Ophiuroids, coelomic in origin, being derived 
from lining colls of the body-cavity, and this will probably 
be found to hold throughout the phylum. Another peculi¬ 
arity of them consists in tlie fact that in all claases, with the 
possible exceptions of Holothurians (see below), they arc 
connected with a cellular cord, disposed in difTercnt ways in 
tlic different classes and called the generative rachis. Indeed 
they may be regarded as swollen, fertile portions of thi.s rachis, 
the rest of which is sterile and does not produce generative 
cells. As stated above tlie axial organ contains a prolorigation 
of the generative rachis. 


There are no accessory glands of any kind. The generative 
products when ripe are in nearly all cases dischargtKl directly 
into the sea, where the ova are fertilized and undergo tlioir 
development. In rare cases the eggs arc retained in s[M'ciaI 
brood pouchc-s or cn the skin of tlic niotlier. Secondary sexual 
characters are as a rule not de\e!oped. 

The generative organs usually consist of tufts of branched 

tubes which open directly on the surface. In Crim.id.s they 

are conraiiud m the pinnules as hollow structures without any 

oitcning to the ''xteiior, and theniannor of escape of (lie gonera- 

Mvr ,,.||s is not certainly knoun. hut it probably takes place 

deluseenee. In Asteroids, Ophiuroids, and Kchinoids 

Kw arc pentarnerously arranged in the interradii and parti- 

‘■'Pato in the ladi.d syr.nnotry of the body; they open inter- 

radially and sn.netinaM dorsally. In Holothurians, which are 

Komeiunes said to be without the generative rarlii.s,* they are 

pres.>mas a single | uft of tubes wbicli open in the adult-dorsal 
muidle hne. 


Tlie K- liinoderma are exclusively marine onimals.t They are 
found un the door of the ocean from the littoral to the abyss 
c;. feu- pelagic forms are known. They are almost aU slowly 


tho hixlv wnll l rtih i ^nemtive duct towards 

-amps of 
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creeping creatures, moving by means of their tube-feet or by 
their arms (Comatulids, Ophiuroids). Most Crinoids how¬ 
ever are attached by a stalk which is a prolongation of the 
aboral surface of the body, but they may become detached and 
acquire a new attachment {Pentacrinus). 

From a psychical or nervous point of view, the Echinoderins 
are extremely low in the scale of life, but judging them from the 
complexity of their organization apart from the nervous system, 
they approximate to the so-called higher animals. Geologically 
they are of great interest, the structure of the body wall lending 
itself very readily to their preservation as fossils. They make 
their appearance in the Cambrian and in the Silurian with a 
range of structure not unlike that which characterizes living 
forms. 

The power of regenerating lost parts is considerable in almost 
all Echinoderms, and many of them, especially those with long 
arms, possess the power of autotomy. It is least developed 
in Echinoids, but in Asteroids and Ophiuroids it is in some ca-ses 
so extensive that not only may arms and portions of the disc 
be regenerated, but the whole body may be reformed from a 
single arm. In Crinoids and Holothurians the viscera even are 
capable of regeneration. 

Asexual reproduction is found in many Asteroids, Ophiuroids 
and Holothurians. It takes the form of fission into two equal 
halves, in the two former classes the plane of fission passing 
through the disc, in the latter transversely to the long axis of the 
body. 

In this work the Echinodermata are divided into seven 
classes : Astcroidca, Ophiuroidea, Echinoidca, Holothuroidca, 
Crinoidea, Cyetidca, Blostoidea. The mutual relationships of 
these are discussed under the accounts of each class. The group 
Pelmatozoa is considered and the reasons fur not adopting it 
are stated on p. 303 et seq. 

Development.* In the great majority of Echinoderms the 

^ For a more comploto account of the development of the Echinodtr* 
matap the reader ie roforred to the following worka, where the older litora^ 
iuro will V>o found : Y. M. Balfour* A Treatise on Comparative Efnbryologyp 
voh 1* London* 1885. £. Komchelt and K. Holder* Textbook of the Em- 

bryology of InverUbrateSp English Translation* London* 1896. A. Lang* 
Text-Book of Comparative Anatomy ^ English Translation* voK 2* 
Ixjndon* 1800. Of recent workers the following niay be cited : E. W. 
Macllrido* The development of A«torina gibbosa* Q,J 38* 1800* p. 
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egg is small and tlie entire development takes place in the sea, 
ftrvH in most of them there is a free-swimming, externally bisym- 
metrical larval stage. In about fifty species however tlie young 
remain in connexion with the mother during their development 
and care of the brood occurs, and in some cases (e.g. Asterina 
gibbosa) a free-swimming larva is not formed. In such cases the 
egg is usually larger than when a free-swimming larva is formed, 
owing to the presence of a greater quantity of food-yolk.* 
When care of the brood occurs, t the young may either creep 
about freely on the surface of the mother, or they may be 
attached to special parts of the body wall, e.g. the neighbourhood 
of the mouth, among the spines of the back, in special depres- 
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flioiLa of ll.c skin. In some Holotliuriane the development takes 
place in the bcnly cavdy, arid in the dioecious Chiridota conlorta 
in fb- genital tub*-^. In t'ne Rtarfish *S’/»c/jai/cr nutrix the young 


I'i . Tl'."' flov.-Ioj.'nent of Ei’liinus osculontus, Phil. Traru., 195, 
j) '.'M.t. K. l^iiry. Th^ Motarnorphosie of Echinodenns, Q.J.M.S., 
3S. J’hf) lovolopinent of Echinocyamua pusillus, Nova 

Aria R >f. l<ci. I pjaln, Id. Pn*lim. .-Vccount of the development 

of Er hiniu ini’.iar;.;. /W. Roy. .Steedish Acad.. 28. U>02. G. W. Field, 
The iurv,» .\:i.ria3 vulg..rb>. (?,./..U..?., 34. 1893, p. 105. 8. Goto. The 

IQ.•Umo^pl 1 o^,I.^ of .\ntoria3 p.iilida. etc.. Journal CoU. Sci. Imp. Univ., 
Tokyo, 10, r* lii , M«'tainorphosi:^ Aatorina gibboss. Ibid,, 

2. 1H98, p. ‘2'r7- Th. Morfooi^en, Eehinodormlarven^ Ergeb. d. P/antton* 
a^zp^Ai. d. Hhmi^oUJi Stt/tung, 2, IH98. 

• Ln Betith<\fyUA saru}f:tnolrnt/i t)io og(*3 mcM^suro 2 mm. in diameter* 
t Ludvig, ZooU>g. Jahrh., Suppl. lid., 7. 1004, p. 083. 
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undergo their early development in the stomach of the mother. 
Caro of the brood is found mast frequently in forms inhabiting 
the colder seas. 

With a few exceptions the early development, so far os it is 
at present known, may be summarized os follows. Tlic egg is 
fertilized in the sea, undci^ocs a total cleavage, and becomes 
transformed into a hollow one-layered blostosphere. At one 
pole of the blastasphcre an invagination makes its appearance 
ond a typical gastrula is formed (Fig- 87). The invoginated 
cells constitute the cndotlcrm, the cavity bounded by them the 
archcnteroii, and the opening of the archentcron tlic blastopore. 
The archentcron . . 

rarely if ever fills ^ ^ y j 

the Hoginentation 
cavity, but the lat¬ 
ter soon becomes 
traversed by a 
nucleated proto¬ 
plasmic network 
(Fig. 88), which is 
continuous both 
with the endoderm 
and with the ecto¬ 
derm (outer cells of 
the gastrula), and 
constitutes tlio first Jin. M. —Gftstrula of (tront 

trace of the locso- 
derm. Tins meso¬ 
dermal network, which is reinforced from the later appearing 
enterococlic vesicles is commonly called mesenchyme and gives 
rise to the connective tissues, to some of the muscles, and to 
the calcareous structures of the body. 

Diflerent views may be held os to the origin ond structure of this early 
appearing mosoderrool network- The usual view is that it consiaU of 
amoeboid colls which oriso by the proliforotion of the epithelial cells of 
the embryo in the blostosphere and lutor stages, and wonder into the 
blaslocoei. Another view for which there is much to bo said is that tho 
blostocoel at its very first appearance is tnivorsed by protoplaamio pro- 
ecftios of its walls,* and tliat tho apparent proliferation of cells of the 



Knmrhrlt aiiO llciacr. AtUr Meuka). Tito nicaodf^riiiol not- 
wtirk (do*calUd ineaoDCtiymo) U thown IravcrvlnR tbo blaaUi* 
cool and cpatlnnooa wUh both oetodenn and eododorm. 


• Boo C- Bbearor on tho connexions between the bUstoraoros of embryos 
Id the /’roe* Hojf. 8ot.p ItNXk 


/ 
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oadodorinal pole of tho bhistosphoro or of the iiivacinul Ing ontladono, otc., 
is really only a proliferation of iniclei, oml that the migratHui of .'ells into 
tho blastocoel is nothing more than the shifting of tlieso nuclei along tho 
strands of tho protoplasmic reticulum which has travei-sed tho hluMtocool 
from its first appearance. On this view tho embryo must 1*0 reganlcd 
not as an aggregation of sopurat** cells, hut as a cortt iuuouh sI met ore with 
different densities of protoplasm in different parls. 'J'hns in tin* hhusto- 
sphore stego tho bulk of tho protoplasm is ccnucntratctl in a peripheral 
layer to which the nuclei are confined, tho central liorlion heinu occupied 
by a sparse non-nucleated reticuhmi. As to the mcMmiag of this pec uliar 
peripheral aggregation of tho protoplasm and iiuelei, whic-h is eharacteris- 
tic of tho blastosphero of so many pc-lngieully developing animals, wo aro 
quite in ignorance. It has been siiguostod that it ii prt'.senU somo am-c*s- 
tral stage of structure common tc'* nil tho organism.s in which it f*c-c-nrs. 
On tho other hand it may be argued, |)crhnps with grcali-r force*, that 
tho condition is duo to some physiological ncce.ssil\-, jxiKsjhly of u nutri¬ 
tive nature, which is felt hy all urganisuvs developing iu the open sea. 

Tho undoubted fact of tho presenro c)f free ic*ococytc*s in tlie fluids c»f 
tho body must not be held to bo at variance with the vic'w of the natiircj 
of tho inesoncliynjo mentioned above. Tho view of tlic esscnl i:il iiuit iniiit y 
of tho mcsonchyrno is based \ipon Cornpanitivo I'aohi-yofcigy.- In all 
coses in wiiich its slructtiro l>as Im'cm fhonMighly made out, it ha.s tho 
form of a network contimiocis both with ec-todenn and eialoderni. 'I’he 
free leucocytes which aro fiaind in (he body fluiils are prodiict.s of this 
network, formed no ilt)uht for a tlidinitc purpose. What (hat purpose is 
has he<'n largely nxpittined by the roiiiiirUahle und prnetrat iiig obsi'i'N at ions 
of Met.sehnikofT,* (hough the causes which govern tho biukling off of tho 
leucoi'jles' have not been ascertained. 


The win n laid are onclosetl iu tlio vitollinc membrane 
(Fig. H7), bat they soon acquire a coat of cilia and become free. 
The giv.strul. 1 . has a somowljat. oval f(»rm \vith the blastoporo at 
one ciscl v«n‘.l one surface bliglitly flattened. The end carrying 
tho blastopore is po-iterior and tlte flattened surface is ventral. 
T)ic arv!'-nt<Mon m-w bends towards tlie ventral surface 
anteriorly, where, its wall having fused with the ectoderm, it 
RCqni»-cs an rqKniiig to the e.xterior ; this is the larval niouti), 
the posteiior npi iiiug or blastopore persisting as the larval anus 
(i xecpt in Crin dds). 


Ihe ’iiti !■: ih<’ i»irvid lu'inth und uieis vuries in the difTnrcnt «'ltuwcA. 
lu (!• c thuniuJi 'i ilc'y u«uull_\ [lor^ist into tho »ul*ilt. In (>phiur«.*iiN tlio 
laiV'd fxp'i.'.ls tint the hiium i|o''C'<. the mlult being without «ino. 

in A.'ttToi(i-i und Kchinoids the hir\ul tnoiith niul nnuH close und tho 
oc-s-jplii'guH r,»r'piiics, tin- ndnlt mouth, orKoplmgiiH, luid nmis l>eiug now 
ftirncv ions. It i- po-j-il.I.', hiiwovcr. tluif in «om*. Astertuds they may 

{>< PMd. In » nrionN th< i<- is no numt'* o|- onus, and the blastoporo 

lit an ijrl\ Ntagc. 


“ S-.. tho niMo-rous uy (hi. ,n,(l.or dc.Jing „i(h tlm importunco 

of (he amoohoi l ,v| s m (I... oiv-mism and o>,h . ially his gn-ut work on 
iviiinnitfy, iinghah 1 raii.slution. faiiibridgo, I'.HI.V 
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liater the anus shifts on to the ventral surface, and the cilia 
become confined to definite tracts or bands. According to the 
arrangement of these ciliated bands, two main types of larvae 
can be distinguished. In one (A, Fig. 89) there is a single 
longitudinal band of cilia 
which passes across the ven¬ 
tral surface immediately in 
front of the mouth and in 
front of the anus, and bounds 
a depression on the ventral 
surface into which the mouth 
opens. This is the Auricularia 
type of larva which is found 
in Holothurians; a modifica¬ 
tion of it is found in Echinoids 
and Ophlnroids, where it is 
known as the Pluteus larva 
(Fig. 94). In the other {B, 

Fig. 89) there are two bands 

of cilia, the one preoral and encircling the preoral lohr, the 
other longitudinal in appearance, but really postoral, forming 
a complete circuit of the body between the mouth and (he 
anus ; this is the Blplnna^ type of larva and is clmractcristic 
of Asteroids. The larvae of both these types are externally 
bilaterally symmetrical and have been so since the ventral sur¬ 
face became distinct. They remain symmetrical externally for 
some time longer, but at about this stage, or in some cases even 




FlO. M.—A, tlio Urva of a JM'iMknriAii 
(Auricularia iypo); U o( aa Asteroid (Uif'ifi- 
narta typ6)» butli acen fnaa Uio IrM Mdo 
(from ±lal(our). a aaus ; m iiuMtili; u 
stomach ; i.c longiludioal uillalcd bitial ; prx 
prtoral dilated band. 


A u c n 



MrtM oi AUgrtom f^prsasoUng iha evoloUoo of ao aurlcularU Urvo Irooi tho 
dflSpUat Bcfalaodem laWal fpnn, veDtxal vlov (Crom Balfour). The black Hoc roorcM^aU 
tte bead. The thadad U Um oral able of the ring (oral deproadoo^^oe rlg.bVJ, 

41m pari tiia aboral dde of Um larva, m mouCIi; an aoua. 

before this stage is reached, their internal structure begins to 
show traces of that asymmetry which is so characteristic of tho 
later luvae and eventually leads to tho establishment of the 
radial symmetry of the adult. Before, however, considering 
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tl.cso internal changes it wiU be well to consider briefly the 

various forms which the bilateral larva may a^ume. 

I'he aurioularia larva. In the Holothunans the ciliated band 
becomes elongated and sinuous, as is shown in the sen^ of 
diagrams in Fig. 90. A completely developed ounci^m 
of a Holothurian is shown in Fig. 91. The sidea of the body 
are prolonged into proce.sses which correspond to the arms of 
tlie bipinnaria and pluteus, and there is a well-marked preorrf 
lobe. Calcareous structures in the form of spheres, wheels and 
.star-shaped bodies are formed, but there are no calcareous n^. 
In some species {Aurioularia stdligora and sphaertgera) pecuhM 
elastic .spheres, the nature of which is not known, are present. 



view (,iCt«fM‘.UrfK 
; ar«.ii; J j.r .- 

{v\4 J rviii«*rior. 4 mu 

the ciHntcrl biiiix!; 

'> process; 6 

nfcufc; 7 prrstcrr>-btcf:il \*u»- 

C' V ; ^ pT«'>- 

rc>< ; ilOpr'*‘Hiun , 10 

prorcaA i 21 
jintiTo 'I** pn;cw. 



Fio ou.—lUeUn'ft 
ot StfMpia diijU^tn linnu Kor- 
und Hculftf. after So- 
moiu. rd hlnd-KUt ; ml ritfbt 
body-cavity ; m oral fuancl; 
XQ wiitof-Ywcular rina. wh 
out«gfowtlis into tontacloa i 
and radlul vcaacU p. 


Tlio larva imv/ enlvrs the so-called pupa-stage, in which it has 
the form of a hand with five ciliated hoop-like bands (Fig. 92). 
The pupa is formed from the auric.idnria in the following way : 
I'hc eilinird ring breaks up (Fig. 93) into pieces which rearrange 
tiifinsclvcs into the five rings of the pupa and the oral ring; 
llio mouth and surrounding parts, including the oral ring, retreat 
into the interior, giving rise to the oral vestibule (atrial cavity), 
the opening of which narrows and passes to the left side. Event¬ 
ually tlie atrial «:>pening becomes terminal by the atrophy of 
tJic small preoral lobe, and tho epithelium of the or«d ring 
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becomes the epithelial covering of the tentacles which at first 
project into the atrial cavity. When the adult condition is 



FW. n.—Synapta larva, showing the break up ol the c;l»ary ‘'*“‘* 0 * . 

a anui; rd proctodacum ; enl enterocoel; kr calcareous wheels ; m 

mg stomach : n nerve bauds ; w water-vascular ring with prolongaUons (from Korschelt 
Aud Heider). 


attained the ciliated bands disappear, the oral vestibule opens 
out and the tentacles project. 

The pluteus larva. In the Ophiuroidea and Echinoidea the 
larva resembles the auricularia in possessing a single ciliated 
band, but differs from it by the long arm-Uke processes of the 



^10 04.^DUmnim»t<o figure* ahowing tbe evolution of nn ophlnrold from * 

•Iniple Echlooderm Urvn (from DAlfour. efUr J. MttUer), The CAlonrooua i^too frnot 
repreoeoted. » mouUi; an anua; 4 antero-UUral ama; d" the long poatero-UUml 
nnua ; ^ poatoral anna; ^ poatero^doraal arm*. 


margin of the body on to which the ciliated band is continued, 
by the small size of the prooral lobe (frontal area) and by the 



FHYLnU SCHINODEBMATA^ 


140 



FiQ, QS.'^Echlnoplutcus of a Spatangid (alter 3. 
MtiUer). I frontal area ; 2 preoral ann ; 3 postoral 
arm; 4 anterior. 5 posterior iransverso portioo 
of ciliated band; 6 unpaired posterior orm; 
7 anal area ; 8 postero*latcrai arm ; 0 oral area ; 
20 postsro-donal arm ; 21 autero^donal arm; 
12 aotorodatenU arm. 


great development of the 
postanal part of the body 
(Fig. 94). The arms are 
supported by calcareous 
rods. 

The plutei of Ophiu- 
roids and Echinoids are 
distinguished as ophia- 
plutei and eehinopluiei 
respectively. In ophio- 
plutei the posterolateral 
arms are always the 
largest and directed for¬ 
wards (Fig. 94), and pre- 
oral and antero-dorsal 
arms are absent. In 
echinoplutei (Fig. 95) the 
postero-lateral arms when 
present are directed back¬ 


wards or outwards, preoral arms are present, and in Spatangid 


larvae (Fig. 95) there is an unpaired posterior arm on to which 


the ciliated band is not continued. Moreover in some genera 


{Echinus, Strcm^ylocentrotus, Spkaerechinua) there are in old 


larvae four ciliated projec¬ 
tions, called ciliated epau¬ 
lettes (Fig. 96), at the base 
of the postoral and postero- 
dorsal arms, and sometimes 
an additional pair at the 
hind end of the body. 
Ciliated lobes (auricular 
appendages, auricles) are 
cutaneous expansions be¬ 
tween some of the arms in 
certain echinoplutei, and 
pedicellariae may appear 
before the larval charac¬ 
ters are lost. In ophio- 
plutei the calcareous skele¬ 
ton is in two halves, each 



Fio. 90.—PluUua larva of Behinut lividut with 
lour ciliated epaulettes We (after UetachnikoS) 
Irom tho ventral side. O mouth; A anus* 
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half proceeding from one calcification centre , in echinop 

the skeleton arises from five or six centres. 

The bipinnaria larva, found only in the Asteroidea ha^ two 
ciliated rings, one preoral and the other longitudina an ® 

(p. 137 and Fig. 89 B). In possessing a well-marked preora 

lobe it resembles the auricularia, and its two ciliated rings 
be regarded as liaving been derived l>y the division o 
single band of the auricularia, a view which is supported by i 
fact that in some spccic-s (c.g. Asterias mhens. A. 
AMropecten) they are at first connected dorsally. Further, 
Driesch^ lias sliown that in some artineially reared bipmnanae 


tlicrc Is only one hand. 

As in the pUitcus a scries of arm.s is 
forinc<l along the Iinc.sof the two ciliated 
bands, and somctiinc.s three arms, not 
connected with the hands and covered 
witli warts, are forrnecl in front of the 
preorat arms at the anterior end of the 
frontal area; these arc the brachiolui 
arms and the larva bearing them the 
Brachlolaria larva.+ 'Phe arms arc with¬ 
out calcareous rods. 

Tho iiiodiim briwliioUr arm roplftcra the ven¬ 
tral iModiim nrin and h'*ard at ita hnso nmH-kor t 
by which tho larva attiu.h<*a ihaolf daring lha 
inotatnor|)h.>»iH. The . iliatcd band appears, as 
a rule, not to pass on to these arms (except in 
Bipinnaria papiliaio). 



Kin 97.--Bipinnaria eUQan$. I 
frontal area ; 2 jirooml arm ; 
J anterior. 4 posterior trans- 
vereo portion of tUo clliatM 
band : S |>CK«toral. 6 postero¬ 
lateral. 7 {>ostero-dor»al arm; 
8 anal areo: 9 oral depression ; 
JO nntcro*non^, Ji ventro- 
median* JS dorvo-median arm 
(after Morienseii). 


In tho bipinnaria (and brachioloria) the frontal area is well 
developed and surrounded by the prcoral ring of cilia. There 
is a median ventral anterior arm and a median dorsal anterior 
(Fig. 97), neither of which is present in the auricularia or in tho 


• Arch. /. Entwiekflungamecfutnik, 20, 1000, P-13- 
t It is possihlo that tho brochiolar arms, which sorvo for 
tochmont, aro prosent in a later stage of all hipmnarn^, for in tho only 
.o m which tho lifo-hiatory is fully known (Aateruu glaciatta, A. 


attachment, 
two coaoa in which 

tit is prohohlo that in all bipinnuriuo this disc, which servos for 
fixation during tlio motamorphosis. is prosont at a later all ca^, 

for not only U it present in tho two cqs-js mentioned in tho Iiwt note, but 
it occurs in all coses thus far oxominod where a shortonod development 
due to food yolk has brought thesestoges within range of easy observation 
(Ludwig, op. cit. p. 134). (Cf. Anasteriaa, AtterUu antardxca, AaUnna 

yMtoaa. Cribrelia aanguinoltnta.) 
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plntens. Antero-lateral arms are never present. The arms 
have muscles and are contractile, a fact which rendere it diffi¬ 
cult to preserve these larvae without distortion. 

These are the principal types of larvae of the Echinodermata, 
but we must not omit to mention the vermiform Ophiurid 
larvae which are pelagic and the vermiform larvae of those 
Asteroids in which care of the brood occurs. The larva of 
Asterina gibbosa may be classed with the latter. Echinoderm 
larvae are found principally near the coast and in small waters : 
they are not characteristic of the plankton of the high seas. 
Only a few of the larvae are taken in more than one locality. 


In the nomenclature of Eubinodemi larvae when tho adult is not known, 
the name of tho kind of larva is used os that of the genus and a speciiic 
name is added. In this sense there are four genera of larvae, viz. Auricu~ 
laria (confining this term to Holothurion larvae), OphiopluUus, Echino~ 
pluteua, and fitpinnaria (including brachiolaria). When the adult is 
known specifio names are not required. 






seetJon* tbroash three eaccesslv© eUgea ol the larva of 
Kon^cU and Helder. alter Ludwig). A. ahowtng tho flret origin 
from the entcron ; B. a later stage, the enterocoel is still in conmunl* 
^ * P enterocoel cut on from the enteron and constotlng of a 
In front—tl»e anterior bodv cavity, and two paired p^ons 
behtedethe right aod left posterior bc^y cavities. Bl blastopore: D lotestme* Vn enlercv 

i 1 right and iett side of {bTi; The by ^ 

not yet mado Its appearouce. 


bydiocool baa 


Development of internal organs and the metamorphosis. 
The coelom arises soon after the establishment of the gastrula 
as a single evagination of the entcron* (Figs. 98, 99). This soon 
separates from the enteron, and becomes divided into a number 

• Tho term vaso-perltoneal is sometimes applied to the enteric pouch 
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of sacs, one* of which is called the hydrocoel because it gives 
rise to the water-vascular system and its lining; the otliers 
constituting the splanchnocoel. because they give nse to the 
body-cavity and its associated spaces of tlic adult. The mode 

of division is very similar 
throughout the group except 
in Crinoids, and is described 
below. 

In Asteroids wc may take 
as type Asterina gibbosa in 
which the development has 
been so fully worked out 
by Ludwig and later by 
MacBride. The eggs which Bru Virom Xorechelt aud Ueidur). 

are 0*5 mm. in diameter 

arc attached to stones to which they adhere by means of tlie 
vitelline membrane. On about the fourth day the embryo 
ruptures the vitelline membrane and escapes. It is then found 
to possess a large prcoral lobe (Fig. 100) the edge of which is 
thickened, constituting the larval organ. The larval organ 
surrounds a central depression and is covered with specially 
long cilia, by means of which the larva can swim. Later, in 
the centre of the concavity of the larval organ, A small eleva- 
tion is formed. The ectoderm of this contains gland-cells which 

secrete an adhesive suhstance by means of wliich the larva 

fixes itself during the 




ria. 100.—LArvii« of A$Ufin<i ^ibhota (afUr Ludwlffl. 
A, 9k youngtr v^ntrftt vlow» B, older 

itouk itie eide. Urv«l orgAQ; m UtvaI 

IDOUUl. 


metamorphosis. The 
temporary fixation 
which is possible during 
larval life appears to bo 
due to a kind of cupping 
action brought about by 
the application of the 
preoral lobe to the sub¬ 
stratum and the retract¬ 
ion of its central portion. 


•nd to the bwh wliich iirieo from it, t}ie word entorocoel boing rotuintxl 
for the poritoneul or body-cavity portions of the latter. Wo, howovor, 
prefer to call tlio totality of suce entarocoellc, diiitinguishing tho wator- 
vaacular portion us bydrocoel ond tho pcrivisooral portion oasplancliDocoel. 

* Or ooo pair (boo footnote on p. 12&;. 
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The early development and formation of the larval mouth and 
anus (p. 135) have already been dealt with. The enterocoel or 
coelom has the form of an anterior unpaired diverticulum of the 


enteron extending into the preoral lobe and sending back two 
lateral prolongations, one on each side of the larval gut (Fig. 98). 


This soon separates from the gut, and the posterior prolonga¬ 
tions of it eventually meet one another ventrally, their opposed 


walls forming a ventral mesentery. The primary water-pore is 


now formed as a pocket of the unpaired portion of the coelom. 
It meets the skin of the dorsal surface just to the left of the 
middle line, and a perforation is formed at the point of contact. 
At the same time there is formed, first on the left side of the 


enteron and then on the right, a septum, by which the hinder 
parts of the two coelomic prolongations referred to above 
become separated off from the anterior part and form closed 
sacs called the right and left posterior coeloms respectively. 
The unpaired portion of the coelom, together with the anterior 
portions of the two prolongations, constitute the anterior coelom 
of the larva into which opens the primary water-pore. 

Tlio hydrocoel is developed as an outgrowth from the hinder 
end of the anterior coelom on the left side, and while it is yet 
but faintly marked indications of its five primary lobes appear. 
Tlieso, which are numbered* 1,2, 3, 4, and 6, No. 1 being the most 
dorsal, arc arranged in a curve open anteriorly, the hydrocoel 
aac assuming a horseslioe shape (Figs. 101, 102). The two limbs 
of the horseshoe eventually come together, enclosing the stalk 
of the preoral lobe and the oesophagus of the adult, when that is 
formed on the left side of the larva. In this way the circumoral 
fl ater-vascular vessel is developed from the horseshoe-shaped 
hydrocoel. The radial canals are developed from the lobes of 
the hydrocoel. Shortly aft-er the formation of the left hydrocoel 
or hydrocoel proper, a rudimentary right hydrocoel is developed 
as an outgrowth from the hinder wall of the anterior coelom to 
the right of the middle line (Fig. 101, rhy). It loses its connexion 
with the anterior coelom and persists into the adult as a 
small thin-wailed sac beneath the madreporite. 


^ enumeration adopted for the 
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•hy. 


Ihyy^-' 


* 




The stone-canal arises as a groove along the anterior face of 
the posterior wall of the anterior coelom. The central 
portion of this groove be¬ 
comes closed to form a 
canal which opens at its 
posterior end into the 
hydrocoel between lobes 1 
and 2 and at the other into 
the anterior coelom, which 
as we have sCen opens to the 
exterior by the primary 
water-pore. Save for this 
communication the anterior 
coelom and the hydrocoel 
become completely separate. 

The anterior coelom persists 
into the adult as the axial 
sinus. When the primary 
water-pore becomes con¬ 
verted by subdivision into 
the numerous pores of the 
madreporito of the adult, 
most of these are found to 
lead directly into the stone-canal, but some open into the axial 
sinus. The stone-canal retains its opening into the axial sinus 
(anterior coelom). 



Pxo. 101.—LongltodlAAl hoTizoQt4l secttoo of ft 
Iftrvft of A^Urina gi^bosa ihowina tho ori^Q 
of Uie hydrocoel end the relftUoD of the 
coelomlo ftftcs (after UftcBride). a ftatorior 
body*CftTity to the preonl lobe : Ipe left poe* 
terlor coelom; thy /. £• 3 lobes of the hydroooeh 
00 .1 being the moet donftl« no. 3 tho posterior^ 
no. 6 (not shown) Is ftt the other end of the 
Incipient ling ftod Is the most TentrftJ: or.eoral 
oodom ; rhy right bydroMol; fpe rlgtit pos« 
terlor coelom. 


Tho loft pofttoiior coolom undergoeo a very complicated development. 
It givee off dorsal and ventral outgrowthg which grow on to the right 
tide of the larval hody, and a diverticulum which extande round the 
oeaophagufl and is called the oral eotlom. These all become indistinguiah* 
able in the adult merely pemist ae part of the periviaceral cavity. 
In addition to these the left poeterior coelom gives off four interradial 
prolongations^ each of which bifurcatee to proceed to the adjacent arm 
rudimenU. Theee are the first toaoes of the outer perlhaemal ring and of tho 
todlol psrlllMmal (Fig. 131)* There is a fifth interradial coelomio 

prolongation^ viz. that which ties between lobe 1 and 2 of the hydrocoel 
In distributed to arms 1 and 2 $ this lice in the interradius of the axial 
sinus and stone^canal is an evagination of the anterior coelom. Lastly 
tbe abofal slou is an outgrowth of the left posterior ooeloni» from which 
it bommfe completely cot off in the adult (p. 14fi). Tbe ri^t posterior 
coelom remains much smaller thsm the left. It persista in the adult as 
ihe part of tbe body-cavity (sometimes called epigastric) which liua between 
the gut the aboral body wall of the starfish. It is prolonged into each 
arm as the space between the two mesenteries of ea^ pyloric caecum^ 
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so that these mose-itcrioH an- r-ully remaias of the s..ptu.n between the 
right and loft posterior covl-nrs. In the central region of the disc tl,.8 

septum seems to have ili:,nppe.ired in the adult. 

The untori.ir coolorn. w.ih the atrophy of tlie preorul lobe, becomes much 
reduced in size. As stated above, d persists us the axml simi-s. The 
inner porihaemal ring i.s au outgrowth vt thc nxinl .mus. with the ventral 
end of wliich it remains eontinuous (Fig- 105, int.p.r.}. 


Tlic axial organ makes it.s appearance as a ridcc projecting 
into the axial sinus and l untaining jelly, fibres and leucocytes. 
Later there is formed a thickening of the epithelium of the left 
posterior coelom near tire abural eitd of tlie im ipient axial organ. 
The cells of tliis tlrickcning arc the primitive germ-cells. They 
become invaginated into the septum scp.irating the axial sinus 
from the left posterior coelom, and thence grow out in two 
directions, viz. (1) into the ridge of the axial organ forming its 
core, and (2) as a cord extending in a direction parallel to the 
surface of the disc and constituting the generative rachis. The 
generative raehis httcornes enclosed by a flap of peritoneum in 
a space cut off from the left posterior coelom and known as the . 
aboral sinus. It forms an ahoral ring on the dorsal side of the 
stnriiach and sends off, as it passes each interradius, two branches 
enclosed in corrc-sponding branches of the aboral sinus. These 
br:m<“bes cud in swellings which become l\ol!owed out, acquire 
a eemmunication with the exterior and form the generative 
glands. The portion of the ahoral sinus round the gonads bc- 
cunu^ cut oil by a septum from the rest. 

The metamorphosis of A{>teri7ia tjibbif.fa begins on the eighth 
day of its development. Tlie larva fixes itself by its preoral 
lobe to the substratum by means of a thin mucilage whioh 
appears to be secreted by the adhesive disc, and it remains 
uttavhed during the whnle of the metamorphosis (Figs. 102 to 
lu4). The following changes occur —(1) The constriction of 
tlu hoilv into ilisc and stalk, the latter being formed from the 
prooral lobe. (2)'i‘ho sharp flexure of tl\e dis<-on the stalk, th© 
disc heii^g bent ohli<juol3 and to tlie left, so that the left side of 
the ht.dy is turiuxl towards the substratum. (3) The prepon¬ 
derating growth of the organs of tlie left side, the left posterior 
coelom and the left hydrucocl liaving both sent out dorsal and 
ventral horns, which meet so as to form complete; circles, while 
the right hydrocoel and the right posterior coelom remain 
small. (4) The gradual atrophy of the stalk. (5) The out- 
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growth of the adult oeso¬ 
phagus and the formation 
of the new mouth on the 
left side. 

Even before the meta¬ 
morphosis the lobes of t)ic 
hydrocoel arc visible on the 
left-hand side of the larv.a 
in a curve open anteriorly 
(Fig. 102), the dorsal lobe 
being no. 1, the posterior 
no. 3 and the ventral no. 5. 
On the right side are visible 
the first rudiments of the 
arms, lettered A-E, the 
dorsal being A and the ven¬ 
tral E ; these arm rudiments 
are developed over the h'ft 
posterior coelom. The open 
curve of the hydrocoel 
eventually closes into a 
circle, the two ends coming 




rio 102—I.r'rvfl of AfUrina gihbota 

the arms. 


. s 


together round the base of — r ,n 

the prcoral lobe (stalk), so that the prcoral lo ’ 

the oral surface of the developing disc (Fig. lOo). In * ‘ ^ 

the rudiment of arm E shifts^ so that it comes to u < ir 

on lobe no. 1 of the bydioc.-cl. 

V When this fitting togHlu-r lb*' 

^ two surfaces of the fulut.i <lise is 

( IJJ J i iTrri complete, the oral and ahoi al snr- 

a faces of the starfish are fashiur,' d, 

^ and it is seen that the oml surfs<e 

/ ^.IS derived from the left and shgldly 

el )j 0 ventral side of the larva, the ahora 

N. // from the riglit and slightly dorsal 

Bide. M.-nnwhile the fi.«t cal- 

Pio. lOo,—jAr\a III AtUri'ta gibhoia oi idales aTC laid down on 

pin* days Ifoiri tlif* rltflit •‘tde. Tli« • , ... i.|»nwn ill 

deiifitf' ihc nidinu'iiU thr fKp ^ 

prim. iiuiiiirrAif llic \ohe^ ot . i 1 4 j%%riu €‘0 in 

^l<idroroel. lju flwt formed tube- |()4 on tho oial HUrl 

1^ lieve been budded out from the * b* mi i Afl Will 

lobM (frum Hac&ride. *fur pjg 104 >4. The (€rwnn<ua, 08 wu 
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be seen, are developed on the aboral side, but over the left 
hydrocoel. 


1 

THp 


2 


Fio 104.—n»8 IlUt mDtamflrphi-rWd Ktitrfi«h of A’lrrintt about ton Oftyn ultl J 

view; B »boml vicwUrom MacRriilo. nflor 1,uU\i»b). ami ambiilarrni fjwiolu*; 1-6 Ili8 
loboa ot the hytlnir.>el ; A-K liiv anus ; b the »«»nl platM ; o tlia cvntnil ; mp lliu mail- 
ttporic por« i T tlio tcriiinmU. 

The dovolopfuoni of Astoroul?^ \vitl> a iMpiimaria lorva U very similar 
to that of Afltcrino. Tlio |>riHci[>al <lifTt»ro!iro to consint hi Iho 

fact that in bipimiaria(Goto» liury, FioKl. op. cti.) tho cooloiw early bocoinod 




Fio. |05.—IjinfriltullfiM Ti*r1ii*n1 a n*» liifVA i>f 

<aiUt An ririciihil Uruiuntf li> K NV. M»( IUhl«*i. *rhi* m tIumi Mm* inl<*rr»i‘nin* 

fi( tho pr«N«r»il Itvtvc uimI Miriin:tt thr» uj'im-it** ra*lMiH, nit<t that Um 5 j*n*»»r.a loim **} ^ *^ 

lar\*A In ntlAcht'ii U» tUn tir.it xnriJiOi* «•! Mm* miImH. mi w, nthiH nititiMi ; ani|Mill:t «»l 

A ; <Jitf 0 . :»nl«*ri*»r in IIm* pr<*i*f.a h»hM; int fr. mlt riinl iH*nli.'ioiiu'0 rilitf- 

canul; vc^tJic*’ nf ; //• • . l»*ft |Mr»lorM»r o**h»in; yi Hf.o. lA*rinnil 

CtM‘lofn : pyt. pyUtni' s-u*; rp*?. ri>'lkt coi*lo»n ; i/um. thniijiili; I./. In I ►c-Ini it; 

t^.v.ring wftt<T*viu>c«)l:ir rliii; cun.tl. 

coinplotely iluiiblu {Fi^. MMi), wln'rims in A^irrhin tlii> rui*lorn to 

from tho first, th^ |n»-l li'ir .iImim* ln*in^ iloiibh*. J^iiU^r, afUT tho 
division of tho cooloin into anturior utul (>u.>loriur in biiMniiariUi Iho two 
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anterior coeloms unite in the front part of the preoral lobe to form a 
single cavity.* 

In bipinnariae with brachiolar arms, which are it will be remembered 
processes of the preoral lobe, temporary fixation t during development 
takes place by these arms. During the metamorphosis of bipinnariae 
fixation occurs by means of a median 
oval sucker-like disc on the preoral 
lobe (p. 141). Attachment by the 
preoral lobe has also been noticed by 
Perrier in AaterUu apinbilia, in which the 
larvae adhere to the buccal membrane of 
the mother. 

From the above account^ it is 
clear that in the larvae of Aste¬ 
roids which become attached dur¬ 
ing development, the fixation is 
effected by the preoral lobe, and 
that the stalk so formed is sur¬ 
rounded by the hydrocoel and 
springs from what will become the 
oral surface of the starfish. The ^ 

knowledge of this fact, so impor- pio. iM._opt{caJ>ectioDof auAiuroid 

- . - i_ • _ r lArva(Blplonafift) seen from the dorwJ 

tant for a proper comprehension ot aufU« Mut Bury). There we two 

11 /At. 1 « enUrlof coe)omlc eecs. the w^ler 

the morphology of the class, we pore la ehowD opeolDS the IoH of 

. * a mi ^ i.1 ihenL The byarocoel Is Indicated but 

Owe to MacBride. The further yet compleUly sep&raUd from the 
^4. - . s j Ai 4. left anterior coelom. 2 left naterlpr 

Statement may be made that the coelom: 2 water pom; s hydrocoel; 

1 I i % • 1 *1 4 second termlniu plate farm B); 

coelom, which arises by a single s left posterior coelom; e mesentery 
diverticulum from the enteron, co«iom“? *T*righ» 

becomes segmented into three co«iom, » onuron. 

pairs of chambers, viz. the anterior coelom, the hydrocoel, and 
the posterior coelom. Of these the anterior coelom is at first 
single or soon becomes so, and, as in the Enteropneusta, acquires 
Ml ope ning or two openings to the exterior (water pores). Of the 
Second pair the chamber of the left side becomes much larger 
than that of the right, retains its connexion with the anterior 
chamber by the stone-canal, and becomes the hydrocoel, while 
the right remains as a small apparently functionless sac ; this 
pair of cliambers may be compared to the collar-cavities of the 

• Thoreare occordingto Field (op. ct/.)two water-pores in nmny of the 
bipinnariae of Aateriaa vulgaris, but it is doubtful if this con be regarded 
sa a normal ocourrenoe (eoe note, p. 166). __ 

t Bury, op. cit., 1806; Dolego, Arch. Zool. Exp. (4), ( 2 ), 1906. p. £i. 

X Th© preceding account of the dovolopment of A4(finna^ /? Y 
(often directly quoted) from t)io important work of MacBnde (toe. cti.)- 
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Enteropneusta, which ia the Ccphalodiscida furnish the 
tentacles. The cliainljeis of the tliird pair both persist and 
furnisli the perivisceral cavities of the adult, but the left be¬ 
comes, in accordance with the predominance of the organs of 
the left side of tlic larva, much larger than the riglit, and alone 
furnishes the germ cells from its lining. The knowledge of these 
facts wo owe mninly to Bury and MacBvide. Bury was the first 
to grasp the importance of the anterior coelom and its trans¬ 
ference into the axial sinus, wlule MacBridc went a stop further 
in showing that the coelom was soginenteti into three chamber.s 
on eacli side, though MetsclinikofT * preceded him in having 
demonstrated the presence of the right hydrocoel in Amp/tiura 
anjiui mala. 


In E<*lunoiJs (Fi ^. llio stni»lt> ontorocoel divides into two, one on 
ourli siile. FiV'hof into two, the liindorninst of which 

nl till* nf tho st^iinuOi utuI runstitnta tho posterior cOi'^lovii*i. Tho 

left division <l''vi*l*>ps a wator-poro, which id placed on Iho left 

sido of tlio iiiid th«*o hoc*r)ined constricted into two parts* 

of tli«* unt'ThT n t.diH v'ut^r-|»ore und perMsts into the udult 

as ihi* Ti .idreporii 1*' uiopotLi uxiul sinus, com'Sponding to tho left 

r »iolo!n » i .\->o riJs. whili* Hh* posterior hecom-.'S tho loft hydrooooh 
Tho separation l>inv\ ••••o 1 1 lu.i \f appears not t*' boconio ronipli'to* 

tho connoi'tinL* i *.• pir«.wt]m; the stono-ronid. Tho loft hydrocoo! 
has lit hr-itfh» *•! :t • uhi- h Kotm transfonnod into a T\o^^ (^P* 

pirontly l>y I. . i :»••!.in i>no side) throui^h which the adult 

I' s vplia.^ii.'j I i‘r f iv> >. i ijlit aiitorjiir divisii>n likcwi’^^ constricts 

into \\\i> part-. I a it I m 4 nut d*v«|op watcr-pf*ro, Tho nnlorior of ilioso 
is .uifiO iMi*» Mi l on ; il 4 fnto is unknown. Tho postrriop portion 

i * i‘m ribcht li\'Im-I*••!. v^lm h riainiins .sinull, never dovoU>[>s loin's, and 
I ' 1-1 mUm th* . ii;)! the “ d*ir.sa| 8 ac ** which lies Ix^noath tho oiadro- 

• (!«' Ph.* ' i/io' tit jo mn • I iho cm'loin thcivforo pn^cotHis iii a very 

10 ihnt of Mills, and in them the Hr>nnontaliim of 
‘ * I I'Oi riii .-4 Unit 4>f 111*' riylit. Tile two posU'ri'»r owIoiih fiivo 

.. MiiM-il p'-nv isror.il ru\jt\. 

* * 'ti* III » *. ' iMj, vhicli i.«i hoinulofTous with tho loitor poiiiiaonial 

Mih' I ^nil-:, d' » l«i| 4 ivs (i\ ('(*\adulations of the left |>o-,t<Tior i oelom. 
I ta* I th and ui\w .in* di veloptnl from tiio walls of thes* poi koU and tho 
ri’dinl |h rih , nud • .in ds an.' outifrowths of them. Tho m iatal raehis, 
^n-nitid mjlmuis and d>oral sinus an' devclopiuonts of thn loft pM^ieriur 
eoeloni. nvailK a.H in Astorids. An invaRination of ectoderm uhich 
her.,no > Hosed is iMiiiMal on the leftdimul side of ilio larva. Jts cavity 
IS knou.i tin* amniotlc csvUy, its outer wall hocomes thin and is called 
the iunroun. while ds inner wall or floor applies itself to tho Jiydruooel 
and i..nus the iioihulu.-rHl surface of the lidult. The opinoiiral canals 
ar- as iiivuRinutionH of tho floor of thU cavntv. There is no 

hxid, .n th^Iarva nudaino r pliosi;i. Lastly it must ho meu^ 

* y' u. NemonMwn, mm. de I'Acad. 
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tioned that there is a wclLdeveloped nervous system in the larva of 
Ethinxia. It has the form of an apical plate of neuro-epithelium, placed 
on the preoral portion of the body dorsal to the ciliated band and between 
the preoral arms. It is not recognizable till the larva is three weeks old. 

In the metamorphosis the animat falls to the bottom, the amnion rup 
turee and shrivels up, the larval amis are absorbed by phagocytic amoe- 
bocytes, the larval mouth and anus close and the somewhat spherical 
form of the adult is assumed. At first the metamorphosed animal is with* 
out a mouth and anus ; these soon appear, the mouth first. The anus 
is formed in the centre of the antambulacral surface which is at first equal 
in area to the ambulacral. 

In Ophiurids a single coolomic sac is budded of! from the anU.*rior end 
of tlie archenteron. This soon divides into a right and left sue. Each 
of these divides into anterior and posterior coeloms. The hydrocoels 



then arise from the hind end of the antorior co< r..nj in tho uuy 

(MncBrido) and the left anterior coelom dovelopn a water pore. Iho 
©ft hydrocool alone acquires lohes ai»<l d-'velops into tho wMt< r v«i.sru ar 
•yetom. As ill Ai>terina the nidimontury ri^f't hydro. .>.•! ii. ahnonuiU 
©P^'iiuens o<«asionoUy acquires a form similt.r to tho h-ft. 

In Holothiiriuiis thosinglo poii'-ho<iquiro8ajiO|M‘nir»*{ to th.' ^ 

©pore placed on the dorsal surfuco and just to tiu- h ft "f the i“n ( <> 

U the primary water-pore. In Synaptu it n>..y evon ' 

enterocoel has separated from tlie entoron (Fif?. H>7). ‘»‘’n . 

Jormation of the pore, tho enterocoel divides inU- two p. rt.-n-s, .m 

© posterior; tho anterior romainH in connexion with the wu ; F 
oonetitutee tho combined anterior coelom end hydrocoel, while the 
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poeterior is the splanchnocoel. The splanchnocoel then divides into two 
sacs which apply themselves to the gut, one on the right and the oilier on 
the left, and give rise to the perivisceral cavity and its lining. The tube 
connecting the combined anterior coelom and hydrocoel with the water- 

pore elongates and a small swelling appears on its 
6 anterior wall (Fig. 108). This is supposed to be 

the reduced anterior coelom. The vesicle itself 
becomes lobed and forma the hydrocoel. It 
eventually surrounds the oesophagus to form the 
circumorol water-vascular vessel and gives off 
five outgrowtlia which become the radial canals. 
The canal connecting the hydrocoel with the 
small anterior coelom must be regarded as the 
stone-canal. Ir^the forms with a so-called inter- 



Fio. 108.—Diagram of the 
hydrocoel tod Aoterior 
coelom of 40 old Hole* 
thuriAo Aurlcul4Ji4 (After 
BuTy). i wAter-pore; 2 
pore caqaI ; J BAod'CAOAl; 
4 pcliAQ veelcle ; S An¬ 
terior coelom. 


nal modreporito, it must bo supposed that the 
canal (water-pore) distal of the small anterior 
coelom breaks down and that the anterior coelom 
acquires a-free communication with the general 
perivisceral cavity by the rupture of its walls, as it 
does in Crinoids (p. 158). 


Development of Crinoids. Tlio development of Crinoids 
differs considerably from tliat of the other classes and requires 
separate treatment. The principal points of difference concern 
(1) the form of the larva ; (2) the relation of the larval preoral 
lobe to the adult surfaces ; (3) the fact that, though the hydro¬ 
coel at first undergoes a displacement to the left side, the oral 
surface of the adult is the posterior surface of the larva and the 
left posterior coelom does not exceed the right in size ; (4) the 
posterior coeloms arise from the enteron independently of the 
common rudiment of the anterior coelom and hydrocoel; and 
(6) the absence of any trace of a right hydrocoel. 

In Anti-^ion, the onl^' Crinoid the development of which is 
known, the egg, ^ in most other Ekshinodorma, is fertilized and 
undergoes its whole development in the seA-water, but it remains 
for some time within the vitelline membrane attached to the 
pinnules of the parent. The total cleavage leads to the forma¬ 
tion of a hollow blastosphere from which a gastrula arises by 
invagination. Tlie blastopore closes completely at or near the 
hind end of the embryo, and the uniform ciliation gives place to 
five ciliated bands which encircle the body transversely and 
to a ciliated tuft at the anterior end (Fig. 109). The ciliated 
tuft springs from a thickened patch of ectoderm which con¬ 
stitutes a neural apical plate. In the deeper layers of this neural 
plate nerve-cells and fibres are formed and constitute the larval 
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nervous Byefcem. The embryo usually leaves the egg-membrane 
on the seventh day, and becomes the free-swimming larva, 
which shows bilateral symmetry, the ventral surface being 


slightly flattened. 

The anterior ciliated ring is incomplete ventrally, and between 
the second and third, which are separated by a wider interval 
than the others, there is a ciliated depression {Lm), called the 
vestibular depression (so-called larval mouth) and supposed to 


correspond with the now closed 
blastopore. On the ventral surface 
between the first and second rings, 
there is a small pit, the adhesive pit 
(f?r), by the secretion of which the 
larva, after a free-swimming life of 
from 12 to 48 hours, attaches itself. 
After attachment the larva at first 
lies with its entire ventral surface 
turned towards the surface to which 
it is attached ; soon however it erects 
itself and projects at right angles to 
the substratum. The attached, i.e. 
anterior, end of the larva now be¬ 
comes narrow and elongated into the 
stalk, while its free, i.e. posterior, 
end becomes broader and constitutes 
the rudiment of the calyx (Fig. 116). 
The vestibular depression has during 
these changes become cut off from 
the ectoderm and forms a closed ecto- 



Fio. 109 .—Larva of AnUd^n roioM 
with dliat«d baadj, aoUrior tuft of 
clUa aod rudJmeoU of tho ekeletAl 
pUt«a (from Koracheit and 
Uelder). Or. adhesive pit by 
which the larva attaches ItaeU ; 
Lm. the vestibular depresaloa 
(ia^a) mouth). 


dermal vesicle (Fig. 114, 4), which constitutes tho larval vestibule. 
At first this vesicle is placed on the ventral surface, but soon it 
comes to occupy the free end (Fig. 116). This change in posi¬ 
tion is shared by certain internal organs, and is doubtless due 
to the relative growth of parts by which the ventral surface 
of the larva comes to occupy the free end. The floor of the 
vestibule applies itself to the adjacent internal organs and 
eventually becomes perforated by the mouth opening. Mean¬ 
while processes from the water-vascular ring, the tentacular 
canals, push before them the floor and project as tentacles into 
the cavity of the vestibule. Eventually the roof of the vesti- 
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bule disappears and the tentacles and mouth become freely 
exposed. We thus reach the 80 *oaUed Cystid stage of develop¬ 
ment (Fig. 110). 



f 10. 110.—CyatIO Ian'S of Antadon (alter Thonuon). 


The larvae of Cri- 
noids, then, become 
attached by the 
ventral side of the 
anterior end, and, 
as was showm by 
Bury, tlic stalk of 
the adult is a de¬ 
velopment of the 
preoral lobe They 
therefore resemble 
the larvae of Aste¬ 
roids in the fact 
that attachment 
takes place by the 
prooral lobe, but 
differ entirely from 
them in the relation 
which tile jireoral 
lobes bear to the 
arrangement of the 
organs in the adult; 
for whereas in Aste- • 
roids the preoral 
lobe is encircled by 
the water-vascular 
ring, and its with¬ 
ered vestige springs 
from the oral sur¬ 
face of the adult 
disc (Fig. 105), in 
Crinoids it is quite 


free of the circum- 

oral vessel and arises from the apical or aboral surface of the 


adult. 

Our knowledge of the development of the coelom is mainly 
due to Bury, who in his memoir on the development of 


DEVELOPMENT OF ANTEDON. 


155 


Antedon* first inado us familiar with tlie conception of t)ie ante¬ 
rior coelom and so paved the way for the modern views, largely 
due to him and MacBridc, on the segmentation of the coelom 
into three chambers on each side of the body (p. 149). 

H 




vorticnl section of R.vilrulft of Autfdou ,,| ilir .-n-l ,.f Mio sreond 
V'. ll• 04 cnc^^Vlnc, bl l.UstojKirc (jflcr JJurvi. J! loii|ti{ii>luml 

’*•“*«*"« •<*« dlvlsl..!! ..f til.- nrclionl.-f.,ii. '»,ic» ii.,j.,-l.vii.o ; 
^rrob) **^'"*^^'* nliicli givi-.-. rise U. the rlj(ht aikI kit ji.-sU-rior r.,, h.ii,-. iaft«r 


After tlie clo.surc of the blastopore the archentcicin whivh is 
planed at tlie hind end of tlie embryo divides by a euiisl rif( ion 
into an anterior and a posterior portion (J-'ig. lit li). T!ie 
posterior portion is the first 
enterocoel vesicle; it lie.s 
close to the hind end of the 
embryo and soon divides into 
* right and left part, whicli 

constitute the right and left 

^Bterior coeloms respoc- 
tivoly. The anterior portion 
or vesicle into which the 
wchonteron hiw divided de¬ 
velops two outgrowths, a 
and a ventral (Fig. 

“2, S, 7), which give origin 
^^the intestine; and itself 

. constricted into two portions, a ventnd one whifdi 

® rudiment of the hydrocoel, and an anterior one wliich 
anterior coelom (Fig. 112). These become separated, in 

• PhU. Tran*., 179, 1888. 



Fio. 112.—l*OiU*ri<»r cinl i4 an Mnfiryo of AnU- 
don of filvtv tioiifci. Irifiii t\u‘ nyhe / Hio 

oulhijo of ttio rlKJit {HMliTit r I’ot'krin . J niUI- 
meot of Qiilcrior c<m*Ioiii . J rurliioiri)! of 
liydrocoel; 4 inaM*iirliyfot*; C 7 

donial pari of euloron, tvlnt li cla^jM f? iln* ^•1111 
penUteat uK Ilia 

Incipient right and left |>oatorlor coeloms (from 
L*ng. After Heellger). 
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continuity with one another, from the rudiment of the intestine. 
Soon after this has happened the anterior coelom separatee 
from the hydrocoel, which, placed between the enteron and 
the ectoderm on the left-hand side of the body (Fig. 113), at 
once acquires the characteristic horseshoe form. The anterior 
coelom then acquires its external opening, the water-pore, 
which is placed on the left side of the body just in front of the 
fourth ring of cilia. Later the hydrocoel develops an anteriorly 

directed outgrowth which 
acquires an opening into 
the anterior coelom and 
forms the stone-canal. 

The posterior coeloms 
now shift; the left-hand 
one moves posteriorly and 
comes to lie like a cup 
over the hind end of the 
enteron (Fig. 113, 5), while 
the right sac extends ante¬ 
riorly and following the 
enteric wall reaches on to 
the left side (Fig. IH)- 
The right posterior coelom 
gives off from its anterior 
end five forwardly directed 
diverticula (Fig. 113, 2). 

Pro. 118 .—Longitudlnd-vertlc*! Motion of a (rw- TheSC beCOme CUt off frOm 
festimralog l&rv^ of AnMcn ^ i stcm-}olntit; . 

t 6nt«rtor i>roJoiift*Uon of right pofU'Hor if ^^f Ifttcr stagC, and 

to form the cliAfubcrod organ; J ncfht ikniehoT ^ . 

Ci^elom; 4 enUron; $ Utt |xj«(crior coelom a\VQ risO tO thc Cliainb6r6u 
C hydrocoel; 7 Anterior coelom. ® 

organ* 

The calcareous plates make their appearance in the embryo 
on the sixth day. They are shown in Fig. 114, which however 
is taken from a larva after attachment. 

There are five orals (Fig. 114, or) arranged in a horseshoe 
curve near the posterior end. The horseshoe is set obliquely to 
the long axis, its dorsal end being posterior to its anterior end, and 
the open end of it is directed ventrally. Parallel to this row, but 
anterior, are the five basals (6a) set in a similarly disposed horse¬ 
shoe curve. Both the orals and basals are, as shown by the 
later development, interradially placed. In front of the basals 
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but deeper and in the axis of the body is a row of stem-joints. 
The anterior of these is the dorsocentral (Fig. 114, 1), which 
becomes the terminal joint of the stem. The 
rapidly increase in number, the new pieces bemg added at the 
posterior (proximal or calycine) end of the row. A little later, 
on the seventh day. the underbasals {ih), tliree in number (rarely 
four or five), are formed. They lie in front of the basals and a 






ba,. 



7 



good deal deeper and eventu- 

ally fuse with the top (posterior) \ 

sUmu joint to form the centro- / 

dorsal plate. \ 

At about this stage the larva \ '*'^*-**\ \ d 

hatelu's and undergoes its brief \ 

free-swimming life. It then 1 

attaelies itself (p. 153), the ciliary ^ 

rings, preoral tuft and apical 6®,-^ 
plate atrophy, and the anterior 
end begins to become narrower 

and longer, ai«l to mark itself oj-^—w a / 

out as the stem from the poa- 
in ior end, which Iwcomcs the V . 

<-alyx. In hwt the larva be- 
,om<‘s chib-sbaped, the swollen 
f,,.,. .-...l fo.n.mK the rudi.n.M.t 

„f (I,., eelyx (KiK- 114). 

The v..lihnlar ‘l-l>ro-;°« n- 

(ll. 15:i) on i\\e VOIltrul BUrfaCO corWni ; J lobe« of hyarowl; ^ 

' • ft ft 1 d oiitcron ; 0 left, 7 right pwwriur 

doOlHT and convcrlou eoclom ; « iUm MiiU; • ventrU: ^ dor»*i 

• ft • atirfftci'of III© 

into an (•ct<Kh’rmal invagination _ . 

whiel. ... the preeUT part of the ventral snrfaee, remanung 

for sn,ne thne anteriorly. It eventually closes and soon 
afl er attachment sl.ifts on to the posterior end of tlio larva (I ig. 
115 .5) Tlie hvdroeoel follows tl.is shift of tlio vratibulo and 
,i!:’.:;’th. postil ior end immediately beneath the floor of the 
vivlilmlo (I’ig. 114, 3), It is still an open liorseslioe, the open.^ 
iK-ing towaids the water-pore ; but its ends have “1'^°*™“^ 
and iU five loluvi. e.-udi of wbicli soon becomes trilobate, p^bmg 
un tlic eetoderm of tlic floor of tlic veslilmie, projMt into the 

vHtibular cavity as tlic primary teiibu les. Five P*;™ 

of tontaclcB are formed later at the base of these (Fig. 116, 7). 


FiO. 114.—Young otUchfid lAfvo ot 
Attlfdon from Uio loH flido Uroni 
alter Soollger). The vostlhule a clo^. 
ba i-J liattti*; or l-i or»U ; ib 
buaU; / tlorBOoenUftl plate; 2 *f}f*^*®* 
coelom ; J lobe* ol hydrococl; 4 . 

6 oiiteron ; 0 lett. 7 right 

coelom; « •toin-loliiU; • ventral: <t dor»*l 

Mirfoc^ «f til© l©rv©. 
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The mouth is formed os ft funnel-shaped depression cf the 

vestibule, which passes through the hydrocoel ring and opens 

into tl\e enteron (Fig. 116, 6). On the shifting of the vestibule 

to the hind end, the oral plates 

which, like the basals, have become 

arranged in a circle, also shift 

backwards. They come to lie in 

the thin roof of the vestibule, and 

when the latter ruptures and splits 

into five lobes, each lobe contains 

one oral plate The stage we 

have now reached is soinotimes 

called the cystid stage (Fig. 116,6). 

It is characterized by having a 

mouth overhung by five oral 

plates, an absence of arms, and an 

anus which has been formed as a 

lateral perforation tlirough the 

body wall outside tlie circle of the 

orals. There arc twontv-fivo ten- 

« 

taclcs, which at first arose in five 
groups, but now all spring sepa¬ 
rately from the water - vascular 
ring. 

As to internal changes, may 
mention that the mesenteries be¬ 
tween the right and left posterior 
coeloms, wliioh, by shifting, have 
some time before become aboral 
and oral, break down so that the 
perivisceral cavity is a continuous 
cavity. Further, the anterior 
coelom loses its walls and becomes 
merged in the general body-cavity. 
The result of this is that the 
primary' w'ater-pore and the sand- 
canal, which at the previous stage 
both opened into the anterior coelom, now' open directly into 
the btxiy-cavity. The primary water-pore and the anus lies in 
the same interradius. Later each of the other interradii 
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Flo. U5 - .\tt6rftrii lar.ft Antsdon 
•fN r V\v prpnr.ith ik of tho AUtlk And 
calyx (ffoiji I ari<T Sofliger). 

The I J it , aiv tint ^hown. 

d dof>»4*i. ►fje i fiuht po«- 

Icriof * nfoTiiach ; 

3 left uiriili 401 loin; 4 nac- 

cuh; 3 \i firlthAr)' t<*n- 

lActivi, K» tn nufhli^r ilrrivcd from the 
6 of th' h)dr»'(o^*l cACh of vhich 
become*? 5 ; 7 iho ftreondery 

knterrailiftl trntnclee <ln 5 pAlr^); 
3 oeoophAKUs ; 9 bind gut; 10 axIaI 
nrggn ; / / llbroua #trAD^ lu tbe %ic\k. 
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acquires a water-pore and sand-canal which lead froiu their 
first appearance into the general body cavity. 

The genital stolon (axial organ) develops as a thickening in 



the epithelial wall of the aboral coelom. The genital rachis ia 
probably developed as an outgrowth of this. 

The larva becomes converted into the pentaorinoid larva 
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(Fig. 118, c) by tlie formation of the arras, which grow out from 
the Bides of the body aborally to the water-pore and anus and 
between the oral and basal plates. The result of their out¬ 
growth is that the oral surface of the body is much enlarged by 
the formation of the tegiuen calycis beyond the circle of the oral 
plates which become reduced in size and eventually disappear. 
On the aboral side of the calyx, calcareous plates, the radials, are 
formed to support the growing arms. Finally the calyx be¬ 
comes detached from the stalk, and the free adult state is reached. 

The Crinoids. in so far as relates to the development of the 
coelorD, differ from all other Echinoderms in the fact that the 
rudiment of tlie posterior coeloms is budded off from the gut 
independently of the anterior coelom and hydrocoel. They 
resemble certain of the Holothurians in the fact that the anterior 
coelom becomes merged in the general body cavity, but differ 
from these in the retention of the water-pore. In becoming 
attached by the prcoral lobe they resemble the larvae of certain 
Asterids, but they differ, as already explained (p. 154), from these 
in the relation wliich the attaching surface bears to the adult 
structure. 

Affinities. Tlic fundamental fact in the morphology of the 
Echinodenus is tlie enterocoelic origin of the coelom. In this, 
as has been already pointed out in tlie second volume of this 
work (clmp. i., p. 7) they are associated with the Brachiopoda 
Chaetognatha, Cliordata and probably the Phoronidea. WHictlier 
we are to regard this fact os indicating affinity it is difficult 
to say. In the absence of evidence tending to unite any of 
these groups more closely or as closely with any other group 
of the anini>il kingdom, we may perhaps consider this common 
feature us sufficient justification for treating them in immediate 
succession to one another, but we must not attribute too much 
importance to it, for it is absent from both vertebrate and 
tunicate development, nor is it found in Annelids, Arthropods 
and Molluscs, the coelom of which is clearly the homologue of 
the cotiom of enterocoelic forms. The question now presents 
itself, do the Echinodermata possess any features which enable 
U9 to associate them more closely with any particular phylum of 
the Enterocoela than w’itb th«* others 1 It has been pointed out 
by some zoologists, amongst v horn I may specially mention 
MacBride, that in the primitive disposition of their coelomio 
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sacs they present a certain resemblance to the Chordata. In 
all the member^ of that great group with the exception of the 
Tunioata,'‘-th0>c'oelom in its first state in the embryo presents 
traceS'more Oi^e^ marked of three divisions : these are (1) the 
anterior or proboscis coelom, which in Vertebrata and Entero- 
p leustais single, in Amphioxus double, (2) tlie collar or middle 
coelom which is always double, and (3) the trunk coelom which 
is double and which in Vertebrata and Amphioxus becomes 
metamerioally s^mented. In EJehinodermata we seem to be 
able to make out indications at least of a similar tripartite 
division. We have (1) the anterior coelom which is sometimes 
single {AsUrina), sometimes double {Echiniis), (2) the hydrocoel 
which is probably fundamentally double though in some cases 
only one hydrocoel sac is formed (Holothurians, Crinoids), and 
(3) the posterior coelom which is always paired. Of these the 
hydrocoel presents the peculiarity of growing out into ten¬ 
tacles—^ feature which is also presented by the middle division 
of the coelom in the enteropneust genera, Cephalodisciis and 
^^^f^obdopUura. But with these similarities we have to note 
certain differences. In the first place in the Chordata, in which 
the enterocoelic origin of the coelom is clearly presented, tliese 
three divisions of it always come off from the enteron separately, 
whereas in Kchinoderms the enteron at most gives off only one 
pair of coelomio sacs. Further, whereas in the Chordata the 
nnddle coelom (collar) is never associated more closely with the 
anterior than with the posterior, in the Echinoderms it is always 
closely associated with the anterior coelom, being developed 
from it and remaining connected with it by the stone-canal 
throughout life. With regard to these differences we have only 

say this : that they are differences such as we might expect 
from the greater remoteness of the Echinodorms from the Chor- 
data than of any of the Chordata from each other, but that they 
are not sufficiently great to put out of court the homologies 
®^88eeted by the comparison. 

To turn to other points of resemblance : we have thoreeem* 
(1) in the central nervous system, (2) in the skeletal 
Vstem, (3) in the shifting of the mouth and in the asymmetry 
« the body, and (4) in the larval form. To take these in order : 

( ) In the Chordata, as is well known, the central nervous system 

M 
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never becomes separnted by mesotleniml tiiwiies from tbe tract 
of ectoderm whUli gave it origin in the embryo. This is a 
feature of all Kclnnoderms in st> far na tl»c venhal nervous 
system, which is the predominant central nervous system, is 
concerned. Wlien this nervous system is removed from the sur¬ 
face, tlie removal is effected by invagination (p. 124). 

(2) The presence of calcifietl skeletal tissue in the meso¬ 
derm of the body wall is a character found in Echinodermata 
and Vertebrata alone among Coelomata. This has already 
been pointed out by MacBride, and though not perliape a very 
important indication of affinity is one which from its rarity 
deserves mention here. 

(3) In all Eehinoderms the mouth shifts from the ventral 
surface of the larva on to tlie left side of the body. Tliis can bo 
demonstrated in all classes except Crinoids.and in Crinoids it 
may fairly be inferred. In Chordatt's a similar though not 
identical phenomenon is presented by Amphioxus. In this 
animal the moutli actually makes its appearance on the left 
side in an animal otherwise hiliterally symmetrical, but the 
phenomenon dilTers from that of Eelunederms in the fact that 
the Icft-sidt'd pojiition of the moutli is not preceded by a con¬ 
dition in wliich it is in the middle ventral line. The feature 
then whicl' I’chinixicrnis have in common \sith Amphioxus is 
the sinistral position of the mouth. Hmo again we have a 
character which strikes us from its very rarity, for it is found 
in no other Coelomatc nor so far as wc know in any otiicr mem¬ 
ber of the aniincil kingdom. It also strikes us by its strangeness 
and iuexplicabk'n<*ss. In Amphioxus no serious attempt has 
been made to explain it. 

In attempting to explain peculiarities of this kind we are 
cecuotomid to toko into consideration two factoi’S which must 
be kept, distinct. Fir.-^tly we have peculiarities in habit, secondly 
Obscn. latcd peculiarities in other organs. New in Ampliioxus the 
osyn m^try of tlic mouth is accompanied by no peculiarity in 
luibit, for the animal while it has this monstrous mouth behaves 
more after the fashion of a bilaterally symmetrical animal than 
if does in later life, when the mouth has acquired a more median 
position and it lias taken to burrowing in sand. Nor do the 
peculiarities in some of the other organs lend us any assistance, 
for no one, so for as we know, has ever attempted to bring the 
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extraordinary features in the development of the gill clefts, of 
the endostyle, of the hcad-cavities, the asymmetric positon of the 
anus and olfactory pit, into relation witli the asymmetry of the 
mouth. The thing cannot be done. There is no sort of con¬ 
nexion between these various asymmetries. Tliey seem to 
occur without rhyme or reason. The mouth which should be 
a median structure is from the first on the left side ; the gill- 
clefts, which are on the left in the adult, appear in the median 
line and at once pass on to the rigid side ; the endostyle whicli 
is a median structure in the adult appears as an entirely dextral 
organ. 

In Echinoderms on the other hand the as 3 mimetry of the 
month is accompanied by changes in habit and by change of 
other organs wliich seem to be connected with the change in the 
mouth. The animal here bccomc.s sessile or semi-sessile and 
acquires an entirely different symmetry in wliicli other organs of 
the body participate in an intelligible manner. But though 
wc can understand to a certain extent that the shift of the 
inoutl) might indent the left Iiydrocoel and bring about an 
inequality in the po.sterior coeloms, no adequate attempt has ever 
been made to show how the sessile habit and the radial structure 
is connecUd witli the shifting of tlic mouth on to the left side. 
We have licro tlirce factors : the sinistral mouth, the radial 
structure and the sessile habit. Can these factors be brought 
into tlie relation of cause and effect ? 

(1) Can the sessile habit be regarded as the cause of the otlier 
two, even if we accept the view tliat all Echinoderm classes 
have passed through a fixed stage in their phylogeny. We can 
only point out in reply tliat no such results have followed fixa¬ 
tion in any other group of the Coelomata : they have not 
followed in Cirripcdcs, Bracluopods or in Tunicates. 

(2) Can the left-handed mouth be regarded as the cause ? 
In Ainpbioxus, the only other animal in W'bicli the mouth is 
sinistra], it is accompanied neither by the sessile habit nor by 
the radial symmetry. 

(3) XiOstly.can the acquisition of radial symmetry, to whatever 
cause due, have brought in its train the sliifting of the mouth 
and the sessile habit ? In the only other animals which can 
lay claim to a radial symmetry, the Coelcntcrata, no such result 
has followed. 
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It is therefore no more possible to explain the ainistral position 
of the mouth in Echinoderms than it is to account for the same 
phenomenon in Amphioxus. But that conclusion does not in 
any degree diminish the importance of the character as an indi¬ 
cation of affinity. On the contrary it increases it. For. if it 
cannot be shown to be connected with habit of life or with other 
peculiarities of structure in the animals presenting it, the pre¬ 
sumption that it is a prjperty which woe possessed by the 
ancestral matrix from which Echinoderms and Amphioxus have 
emerged is increased Wo are thus brought back to the ques¬ 
tion wiiich we touolied upon on p. 116, are the Echinoderms 
descended from asymmetrical or from bilaterally symmetrical 
forms ? This discussion of the asymmetry of Amphioxus and 
E<;Uinoderm.s has elicited facts which are not without a bearing 
uj)on this question. We have seen that in Amphioxus there is 
hardly a single organ of the body which displays complete 
bilateral symmetty' at all stages of existence, and in the adult 
traces of this asymmetry—slight traces, it is true, but all the 
more striking on that account.—are present (position of olfactory 
pit and anus just to tlic left of the middle line, preoral hood and 
otiier small distortions). We liave also seen that the asymmetry 
of one organ is entirely independent of the asymmetry of the 
others. V'ery similar statements may be mode about Echino¬ 
derms : in these also development begins with a transitory 
bilateral svmmetrv which is almost at once followed by nsvni- 
metrv, at least of the internal organs, and the asymmetry then 
initiatid is never completely got rid of, for the radial symmetry 
of tl\e adult is in all closse.s imperfect (least so in Holotliurians), 
and some of the adult distortions, such as the position of the 
anus, ro‘'all tlio similarly slight distortion.s found in tlie adult 
Ampliioxus. Now the upshot of these considerations is to 
make us pause in accepting as final the conclusion that the 
ancestral Echijioderm was a bilaterally symmetrical animal. 

(4) The striking resemblance of the bipinnaria larva to the 
t<*rnaria o£ Knteropneusta has already been referred to (p. 99). 
It is impos.sible to estinxate its value, but it clearly cannot bo 
pas.scd over in a discussion of this kind, and taken in conjunc¬ 
tion wth the other facts mentioned must be admitted to liave 
considerable weight. 

Wo have now passed in review all the points of resemblance 
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between the Ecliinodeimata and the Chordata and we have 
seen that they all, except possibly the last, are concerned with 
fiiudaincntal, not superficial, traits. Some of them link the 
Echinoderms to all the Chordatos or to all except the Tunicata, 
e.g. the relations of the central nervous system and the general 
relations of the coelomio sacs ; another they hold in common 
only with Vertebrata. viz. the pre.sence of calcified plates in the 
mesoderm of the body waU ; a third—the sinistral position of 
the mouth—is found again only in Amphioxus ; and lastly 
there is the striking resemblance to Enteropneusta by the 
tornaria larva. The accumulated weight of these facts is over¬ 
whelming and leaves us no choice but to consider not only that 
the Chorclata are the nearest allies of the Echinodermata, but 
that the Echinodermata are of all Coelomata the nearest to the 
Chordata. 


2 . 




Bather), irigiit aud water-pore; 2 ^ h/p • 7 aims 6 right 

anterior coelom o! the left Bide; 6 mouth ; lelt poelerior coelom , 7 an , g 

poatertor coelom ; 9 right hydrocoel; 10 left hydrocoei. 


Wa now como to u conBideration of the so-callod DlpleoniJa. a lij^othe- 
tical form which hoa been imagined by some j'.oologiata na the bilateral 
onoMtor of all Ecliinodorma. The atructuro of this hypotholit-al uiuinal 
will be understood at a glonco from an inspection of Fig. I i«, w iici 
represents it os seen from the loft side with iU ventral Hurfuce turn^ 
towards the substratum U is a bilaterally symmetrical 
a prsoral lobe (2) carrying a nervous plate (3), a ventral inoutli (5), a 
terminal or ventral amis (7), throe coelomio voeicloH on each aide t#, 
10, 6). and two wator-poros (f). How has this form boon arrival at T 
It is not arrived at by selocting feoturos common to all the froo-Hwirnnung 
bilateral larvae (somotimos callod Dtpleurula larvae) of Echinoderms ; 
but by picking and choosing from among the characters of difTeront larvoo 
those which, according to tho preconceived ideas of its authors, t lo common 
ancestor might bo supposed to havo possessed, and adding 
characters which none of thorn possess. For iiistonce, the pr^f o “ 
very smaU in pluteus larvae, though well developed in bipmnaria imci 
in tho larva of Crinoids; a preoral nervous system has lioen deUx UMl 
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only in Crinoid and Ei’liiiio-pliitoiis larvae, uo Eclilnodonn liirv'a luia 
a rij^ht hydr»>cool oejuid in aiic to tlm loft» uiul in ( riuojdi^ mu I llolo* 
tliurians thoro is no trno^ of a right hydrocool nt any Ktiigu <^f oxistonco. 
Lastly, in no norniol* EchiutHierm dooa tlio right hyJrocool ov^er possess 
a water-pore. We do not wish to be unduly critical, but wo tliink it not 
unreasonable to point out that, in the absence of any test which enables 
us to decide which characters ore ancestral and which socondarily acquired, 
an ancestor constructed by this somewhat ono-sidcsi application of the 
recapitulation theory can have \T5ry little value in advancing zoological 
knowledge. We do not say that thi?* lind of speculation Uqa no value, 
for it is a source of delight and stiniulut to many minds ; but wo think 
that it is most important that its value should not be overrated and that 
it should not be allowed to divert ultontion from more important and 
more practicable problems. 

To continue the imaginary history of the diplourula ancestor. The 
next change is duo to ita fixation, which is supposed by Bather to have 
taken place by the right side of its prconvl lobe, though the lixuth^n actual 
occurs in the middle line. This led to tho passage of the moi .lh to the 
left side and to tho establishinent of the riuliate structure of must organs 
except the genital and to Uie Khiftiiig and asymmetry of tho coelomic 
sacs. This brings iw to the so-called Pentactaea.t Now t-amo tho diver¬ 
gence into types. Tho nuluihurjan typ*^ in which tho gLMioriitivo organs 
never acquire a radial arrangonifnt, wa-* the liivt to •^oparat^. In this typo 
tho attachment was entindy lo.«t fnan the whole lifi> hi^^tory. Next, 
after tho acquisition of ra/lial Hti*u. tun' by tho gonad'4. tho Asteroids and 
Eohinoidsseparated ofT ; thcao tho Eclnn'»ids entirely lust their attach- 
meat, while tho Asteroids ;ij | c.ir t<i have retained it in s<nno if not in all 
Cases (larval attaehnient, p 149). Lastly,or perhui^sas i\continuation of 
tho main atom h\it little modired, came the Crinoids. in whieh the attach¬ 
ment is r*t<iinofl This type turther presents tin fullnwing riunarkablo 
waudj may or may iicq have l^eon prirnitivo; tho shifts 

from th*j loft side ( • tho liind end, whore it lies ulung^^ido the anus. 


Class ASTEROIDEA t 

Slnr-ai -I or pentcfjonal forms with the body ffattened in the 
cr-f.ncl •i.'t-i. Thr urtns ure not sharply marked off from thedisc 
an { have an amlnlacrol groove from which the tube feci project. 
1 :tc ')nadre.pi)rite is on (he ahdciinal surface. 



38, p n Ludwig-. .\.-t.roid.'u” in Bronn'ti Tkicrreich, 

^ipzig, 1894-8. Id.. Iht SetMrrne -Ics Mittelmter,». Nenpel, 1897. 
S. OotuMLnaniorpi.o>«l9 of Aatv-rioa pallida, oK-., Jouni. CoU. Sc. 

’ of Asu-rina gibbosa, 

p. -J-JT. \\ . l> Sl.idi*n. “ r<op<>rt on tho Astoroidoa,” 
Challenge Reports, vol. 30. lsS9. E. l\-iri.'r. “ Eciiinodt-rinee,” in Ezped. 
Set. du Traiyulleur tl dii Tali.fman, I'nris, IKOI. and in Mijuion ScietU. du 
Cap Wont, ' nl. vi.^ Paris, ISlil. 8eo aUo \\i»rlxa t>f Ludwig, Cu6not, 
Hamann, Dolago et H<^rouurd, loc. ci(. 
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The form of Inxly varies from that of a pentagonal disc m 
wliiel. the rays arc only marked hy the angl.« (Pentagoii- 
asteiidae, Fig. 117, Ptcraateridac, species of Culctlu), to that 
of a star (Fig. 139), in wliieh the di.so is smaU and t 
arms as sliarply marked off from it as m tlic Oplimnds 

(Brisingidne). 

Tlio nu.»lH.r of rays varies la living fonm from five to 
ifiVater) Five is tl,o n,..sl iisual number on.l is ospocinlly constant m tl 

l:S.l firms .I in those ivith wcll-.lovelopod 

(IVg,n,>e« ro-oero- is ev.s,,,lio,.al in having olovon 
in liaving ... Four is somelimos found as an 

Tho na.i!iior of rays shows a distinct tendency to merenso m families, la 

whjrli tlio nriitH nm lunR^iJin small, 
nml tiio iiinr^iiiul pi at ('si foe lily dovolopc^ 

(o.g. HrlicwU'ridno, Astcril- 

•Inc, Kf^Iiinustcridac). When there arc 
iiHiro ilmn six rays iniliviihial variations 
in tlioir numlwr nro fairly common. In 
/^V/iVisler in whii h tho arms arc very 
niitnerotis, the numl>or of them incrca.’Hi's 
with till* irrowth of I ho aninml; but in 
most if Hotmail other cnaos tho full num¬ 
ber is loiil down in tho oinhryo. 




• • 




The l)ody is usually (lomprosscd 
dorso-vcntrally. On the octinal 
surface, reaching the whole length 
of the radii and terminating in tho ^ 
centre of the disc in the oral area 
or depression, are tho ambulacral 
grooves, and from them project the 
two, more rarely four, rows of 

. . 1 j VnthM (Afttf Ferrtor). dood ifow iw- 

tube-feet. The mouth is p\accd and from tn# ffid#. 


on tho actinal surface in the centre 

of tho disc in the oral depression. Tlicro ore no circumoral 
tentacles or tontivculnr prolongations of any kind roun lo 
mouth, but at the distal end of each ambulacral groove icr 
is a red pigment spot which is called the eye or ocellus and 
over which projects an unpaired tentacle-liko structure , ns 
tho ocular tentacle and contains tho end of the radia wa 
vascular trunk. The dermal skeleton is well developed, an 
carries, especially on Uio abiwtiiial surface, numerous 
and usually |>odiee1lariae. The anus, which is a en in 
Astropectinidao and probably in the Porccllanaslcndae. is o 
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the abactinal surface of tlie disc in interradius I. II, very nearly, 
but not quite, at the central point (Fig. 83). 

Thei flattening of the body is carried furthest in Paimipes 
membranaceus, which has the form of a pentagonal sheet of card¬ 
board. While the oral surface is generally flat, tlie aboral sur¬ 
face is often arched, sometimes considerably so (PtcrasieTt 
Uyvunastcr, Marginaster^ Paniaccros, Culcila, many Solostcridae 



Fli) 118.— Echin'A$iir nenlut from tlio or»l nurUoo (after A. AgASsIs). 0 moath, 

AI ftmbalftcr»l le^l. 


and Asteriidae). The rays are usually approximately equal in 
size ; iiiecjuality generally implies recent mutilation and re¬ 
generation. 

Starfishes vary in size from those with an arm-radius (centre 
of disc to extremity of ray), of 1 cm. or less {Marginaster 
peniagmus, '3 cm.) to those in whicli the same dimension 
measures 45 centimetres {Luidia savignyi to 37 cm., Freyella 
remex to 45 cm.). 
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The body-wall consists (1) of a single layer of ciliated columnar 
ectoderm, with a cuticle on the outer side and a basement mem¬ 
brane on the inn<*r ; (2) of a dermis formed of a gelatinous 
matrix containing fibrillar connective tissue and calcareous 
plates and muscular clcn\ents ; (3) of a layer of ciliated peritoneal 
epithelium which lines the body cavity. In the ectoderm are 
sense-cells and gland-cells, and in some parts of tlie body nerve- 
fibres and ncrvc-cclls arc present in the deeper parts of the 
same layer. 

The inti‘gument is more or less hard and stiff owing to the 
presence of the calcareous plates. These structures may be 
regularly arranged and in contact with each other, or they may 
be irregularly disposed rods forming a kind of loose network, 
tlirough tile variously shaped meshes of which such delicate 
processes of the body-spaces as the tube-feet and dermal branch¬ 
iae project, or they may be isolated from one another. The 
(talcarcous plates may he deeply imbedded in tlie dermis and 
not visible from the exterior, or they may lie just beneath the 
epidermis, so tliat their shape is more or less completely dis¬ 
cernible in surface view. As a general rule some or all of the 
dermal plates bear granules, or processes and spines of various 
shapes, or pedicellariac. When these structures project from 
the surface, as they generally do, the skin has a rough or e\ en 
spiny appearance ; but sometimes, especially when the plates 
lie deep, they project but little in the fresh state, and the skin 
is nearly smootli ; though even here, in dried specimens, the 
akin is rough and the spines are discernible from the surface 

(e.g. Tylaeier totllei, Porania, Culcita). 

In addition to these skeletal structures of the general in¬ 
tegument, small calcareous pieces arc found in the walls of the 

tube-feet. 


The ekoleton of the plate, or ossicle. felU .mder two heods. (a) the 

fttnbulocTal, (6) tho ajnbital. . , * i 

(O) Tho ambulacral skeleton consiste of the arnbula« rul and 
ouieloB, together constituting four rows of plaU-s m each ray ( ig. • 
They form tho roof end sidcMi of tho atnbulocra! groove (Fig. 121 • 
ambiihural oaaicloe (Fig. IIU. A) are two rows of rod-slmpod str 
which mcotond ore articulated Uigetbor in tlio ini<ldlo line a ovc g- ' 
wid diverge from ono another on each Hi<le, abutting «t „i,~r 

upon the adambulueral ossiclee The«J, which correspon ” 

with the ambulacral ossicles, though they usually olternoto wi i 
Poeition (Fig. 110). form tlio edges of tho uinbulucral grooves ond curiy 
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the odambulacral epinea (Fig. 121. «)• The an.hnhu ml 

without anv form nl epineus opiu.n.l.-ge, am tiu- tuinn. .-mm . li^ the 

ninpulliw and tul«‘-U*ot pa>« i>o- 

twocu them ill »m*h a wuy that 
lU'vcr more than tulu' pusnes 
In'tween twt) nssich'H. 

When these apertures ftro ar- 
raiig»>il in a straight lino on otudi 
sitle, nsunlly Imppcns, there 
an' twt« rows of tuU'-feot in CMirh 
jutihnliirriim (Fi^. lUM 
urrao^eiuent). \N h«'u oii the 
other hand the ap' Hiirc's an> 
nitrnmtoly near to and ronudo 
from th»' miiltlK' lino of the ray 
(Fin- 1*J0). there appear to l>o 
four rows of tu»>o feet ((|umlri>«t 
riato arrangement, Asteriidao, 
Helinsteridao). In c-ortain fossil 
Htarfishoa (PaJaojvstenadeu) tho 
ambulacra) ossicles of tlio two 
sides are not opp«»sim <mo im- 
othor, l>ut olternaU'. In living 
forms (Euoflteroi'Ua) they are 
opposite. Tho ossicles of both 
series increase in niuidsT with tl»o 
prowth of tho starlUli in such a 
way that the ohh'.st, i e. first 

formed, ttssiclcs are next tho 

•I.-, I'to.. flrhl. etc., anil.ulacnil ntolri,-. vniinpcst aro ftt 

,1 J. A-i\ A’.h flet thiol adatnl.tila- mouth, ulalo the jounpe.si art' 

irnl i.vlcl<». o iLuer lulcnucUintc piece icral f,u,f ^f tllO arm. Tho young- 

ris’r -t an.buhu.r«i o.w.icio hm.tbo 

v^entral siilcof the UTiTiiniil ploto. 
»tui'rrut>if»ul^ral wliii'li nmy luentionod hof''. arc internally 

plofj^d and f:onn'*ot tho ainbulaoral oasicloa with tho marginal plutoe 
(FikC 5); ihisy aro found 

in tlie AHtri‘»pi*<tinidae, many 
bpcH iok> of I/tn'kiid:a\ and in 
gprcicA of tho lV>rceHtmaa“ 

U'ridtu' O'kd Art liSkHioridae. 

1 h** lirst two rmhuiHoral n5.Hi- 
c\e^ of vA('h ?ide nn* nior/^ or 
tu/'wi itli (>tu- fUH^tluT (they 
art' reprt*«iOiUe<l rtfparat-*' in the 
diagTU»n) junl form witlitlio firnt 
v‘f tlu* adanihulatTuI scrieii the 
• loihul nppiwatiU:! of the peri»>- 
toin. \N*lu n the mlarnhulacTa! 
pi»‘r<jf this rty-^t»*ni art' inort' 
prominent than tlie miihuhicral, 
mid form tho buccal nualcA, iiio 

perintoni ia called adambulacrol (Fia. I Ih) ; wtK>n» on the other hand, the 
anibuluoml pieced aro tho more prominent and the buccal angles aro Icsd 




F(o. ICn Diufrnim Uiowlng oki’totdl pim^ of 
llic pnixiiiial purt of tfio nriii of a btartUli with 
nriihulf\i.Ti4l |•ch1(UMn fttol c|iiaartschAl tube* 
U*K Mnim Lu<hviB), Al. A2. etc.. Ur^t. 

rto.. ainidjinrral oKnicle ; A*l^ A‘*J^ 
A\i. first. Kocond. ttool nilaiubiiliuTof <«sU*1p ; 
o iiuKT iiifurincilirtto piece |oral plate). 
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dovel<i)>od, wo got tlio (tmhuUu-j-al /tcriniotn (Fig. 120). Whatovor may bo 
tho condiituu in Llio lulult, all ynung starnshc-<i bogin by post>esKing >n 
ambulacral pomtoiii. Tim rvIambuiaiTal piece? of tho poriatom carry 
spines. 

The terminal plates may bo inoiitionc<I hero. Thoy belong to tho 
actinal surioce, and ono of them is found ut tho end of each arm on the 
abactinal side of the last ambtihvera) ossicles (Fig. 110 T). They am 
especially conspicuous 


i 







and important when tho 
skeletal plates are first 
making their appearanr-c ; 
and it can than bo scon 
that thoy ore laid dowii 
round tho left coolomic 
sac, i.o. on the actinal 
surface of tho future star¬ 
fish (p. 147). , , 

(b) Tho ambital skeletal. . 

Tlie rest of the skeletal ^rovuUn. the hepatic diverticula being 

plates uro claasifiod as omitted. I ambulacral, 2 adambuiacral ossicle ; 

Ti.„y co^iBt of 

Uic iriMrambuIacral plates ll; ^ *dAnibulacf4l $plo«; Pipinc^ of tho lower Bide 
and tliA oftheinfrainarjjifulplaU; J^lowcr, /i upper nunxinoi 

ana tiia ancatnoulacrals unino ; a radUl wst^r^viksculftr vewel ; b 

TIh) inter ambulacral mdial blood-vessel; e radial nerve; deiupuUAof tube- 

pfale. are of throe kinds: ' P«'‘vUoeral cavity of ar.n. 

(1) the inner intermediate 

pieoce(o. Fig. 119 ), of which there is ono in each interradius ; thoy he on 
the abactinal aide of tho two adambulocral pieces which form tho buccal 
angles; (2) the ventrolateral platen, which Uo betw^on tho adambulocral 
•nd the inferior marginals (V. Fig. 119); tho ventro lateral plates aro 
often only found on the intorradial portions of tho actinal surface of tho 
disc; (3) the inferior marginals, which constitute a row of plates placed 
attbeedgeof the arm, just external to the vontro-latcraU (Fig. 119, MV). 

The atUamhulaerol pUUcs (Fig. 122) constitute tho bulk of tlio oinbital 
Skeleton. They consist of (1) tho superior marginals [M). which may 
either be in oontact with tho inferior roorginals or separated by intercalated 
plates; (2) the eleven primary plates of t)ie apical system, viz. live radial 
(«). five intorradial (JR), and ono central (C) ; (3) tho secondary radial 
plates of tho arms and disc (Rb and Rd) (earinalia of Perrier, medtoradiaU 
of Bladen); these are often not distinguishable in adults from tho other 
•otambulaoral plates, o.g. many Archasteridao, Porcellanastendoo, 
Asteriidae, Solasieridae, Echinasteridae; (4) the dorsolaterol plates 

(dl), ooriesponding to tlie ventrolaterals of thointerambulacral skeleton; 
(®) the tupj4ementary plates of the arms and disc (s) which rooy ofloct the 
oonnexion of the doraolaterals into a moshwork (bonce retteulona of 
PoRier) ; (9) the madroporic plate (Md) placed in tho left antenor m- 
*«R«diue (the mouth being downward, and the ana! interradius forward); 

madr^rio plate may be either the intorradial plate of the opu»l 
•Frtsro {JR, MD), or it may be outside this plate (Md), or it rooy bo fused 

«ithit (JTd*). . 

The primary plates of the apical system are quite distinct m the young 
•UrBsh, but in later growth or© only rarely distinguishable by bim or form 
(•OIB 0 Asterinidae and Pentacerotidse, many Pentagonastendae) from 
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the other plates of tlio ontambulocral surface. Somotimos they remain 
throughout life as tlie sole plates of the ontambulacral system {('ncmidoater 
uyvillci), ood sometimes only a fow othor plates are dovoloixjd between 

thorn {Neotnorphaster 
talismani, Korethroaler 
8€to»us, dilToront species 
of Afar^^'ruMter). 

Thedorsolaterals 
may bo connected into 
an irregular notwork» 
and fit closely into one 
another, and when the 
marginals aro not dis¬ 
tinctly developed they 
pass gradually into the 
vontrolaterals at the 
sides of the arms. 

Tho external skeletal 
structures aro spines, 
spinelote, scales, gran¬ 
ules and podicellariae. 
Liko the plates they 
ore dormal structures 
and nro ooxorod by a 
layer of ectoderm. 
They aro procosses of 
or movably - attached 
to the subjacent skele¬ 
tal plates. 

Tho spines are elon¬ 
gated pointed rods, 
which project, usually 
singly, from tho sub¬ 
jacent plates, to which 
they aro attached by 
ntiiseles and often by a 
ligament. They are 
found mainly on tho 
larger plates of the 
abactinal surface and 
on tho marginal plates. 
The splnelets are simply 
small spines. They 
often occur in tuft-like 
aggregations. Some* 
, . times tho plates carry- 

mg Biirli tufts .n a colunin-liko manner ; such projecting columns 

with th.Mr iMf.o of spi.M-s are ealle.! paxllll • {Fig. V2l). The spiiielete 
rt u;, prin. ipn, j upua thu adainbuiucTal plates and upon the actinal 
and Mb«-n,nal mU rmedmU- plat.^ ; they are attached to the subjacent 


Flu. i; • - DiaffTwh cl n eUuftsh vkwe«J fr:.m the abactina 
lo elh»w tht atitankhuiiscml (aflrr 

the aniH dftj aufuUmJ J-v (h.t l 8;^). .i anus C 
Matfdl : dl dnrto Ktrrol pUtos i»f arnw; d/j dHtu ot 

dL^o; Jli liU 4 ^rTfl(lirO plaU' nf apir^l nyiN in ; JHA Inter- 
rsdnia In uhJbli the anu^ 19 pla.-ed ; JHM interradJu^ cyn- 
lAlnliiff the f*iadn jK»rito . Jh. S!d nirtdr» i->fiU? and inUr- 
M i»ne and tf..* rainr pUii.* . M nifinrtnal; 3 fd 
nkAare|»fite fepnrau^ tho Iritorraduil. 3/d' maflre- 
porlt^> 05 fu5i J with the int« rmdial: H radiul Rbl etc 
fec-mdary radlnl. .d onns ; Hdl. rt.- .e.‘ond;ry rmdUb 
of disc ; / BUpploti.u.'tUry jdau-a . 2 terunnoJ plotc. 


• Ftir a fiomowhiit similar 
l’U*r»iMtoridao, so** p. 


arranpuincut of spines in the Solostcridao and 
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plutofl by miisc*las Anti nro navorod with a ^lnnl^^1A^ nn<l norvotis epider¬ 
mis. The scales Aro flattonod spinolots. TIiograDules aro short rounded 
epiiiolots • they i>Ofur sot <’los<'ly t*oj(otlior on the skolotal plates. 

Tho pedicellariae am plm^or-liko calcareous structures consisting of two» 
raroly throe, hliwlas airth ulntocl to » plate in the dermis, and capable of 
oxiM'Uting snapping inovonionfc** by moans of a special sot of muscles at- 
tochod to their base. They arc contained in tho dermis and aro covered 




K 


H 




niuario 01 „,i.i band • In f{ Ihl* band dlvld«ss. each branch being Inserted Into tho 

b!ISi.‘ o*oiU ot il.o bliLloi^in SUCH a way as to sUengthen the grip when the podlcellarla Is 
pulled ; a ocU>dcrni ; 7 body wall; 8 stem. 


by ocU>aorin. Thoy moy attain a sizo of 4 mm., but aro uaiially much 
smaller. They ore moclifieU spines, and sometimes small groups of spines 
aro H*y iissociotod that thoy can bo moved towords one another and act like 
podicollariue (Fig. 123, A-F). Podicollariao are entirely absent in the 
genera Solasttr, Eehinaater, Cribrella, Mithrodia, Ophiduutcr, ScyUuUr, 
AttroptcUn. 

Podi 00 liarioo are of two kinds, eossile and etalkod. Sosslle pedlceUarlae 
(Fig. 123, Q) arise direct from tho intogurnont, to on© of tho plates of which 
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they oro attached. Stalked pedlcellarlae nro at tlto oiul of a short soft 
stalk, the blades articulating with n calcareous piece nt tho end of the 
stalk (Fig. 123, H and K, 2) Stalked pedicellarioo nro either straight 
(forflcKorm)or crossedfforclpiform) (Fig. 123, H and K). In tho forcipi* 
form podicolloriao tho blades cross at their lower ends. Throo-bladod 
podicelloriaa constructed after the fashion of ihu straight varioty aro 

occasionally found. Tho blado.s of po<licoilarino may 
be longer than they aro broad, in which caao they aro 
said to bo forcipate ; or they may be hrondor than 
they ar»- ! 'ng, in wliich caso tlmy are valvulate (Fig. 
124). \'.il\'\tlate pedicellariae aro always soasilo. 
Alveolate I’odicoUarioe nro sessile pcdicollarioo in 
wl ii<\t (ho hlados aro insort4'*d into a doproft5iion or 
alvoohig in the caluarconn plato. Stalkoii pedicol* 
lariao arc confinril to ilio Bri^inpidoo, Podirollns- 
toridao, Heliostoridae^ Afitoriidao* Zoron^itoridno, 
Btichostoridoo, wlueh aro united tocothor by Porriar 
aa Forcipulatc. 

Bpinas are movable : thodo at tli© edgew of tlio ambiilarral groovoe 
can be bent over tho groove. Podicollariae nro no doubt rohitod to euoh 
movable spines. However this nuiy be, it is hiphly pndiablo that 
they are defonsive weapons, seizing and damapinp other organisms 
which come in contact with them, and that they also servn for keeping 

the skin clear of foreign growths tho account of podicoUarioo under 
Echinoidoa). 



Fig. 124.^ TAlvnUte 
psdiconarias of 
C^cUa grts (after 
Poirier), a oqo of 
the five prdiceh 
UrUo ahowD io 
Uie figure. 


Tho starhshes have eomo power of bending their'arms and th© 
tips are generally turned upwards so as to expose the eye to 
the light. 


Muscles ol the body wall. Mi:.sciilar fibres are found in the 
inner parts of the dermia near the peritoneum on the dorsal 
and lateral parts of the arm and disc. They are arranged in an 
inner longitudinal and outer circular layer. Some of the fibres 
of the circular layer pa.ss outwards to be inserted into the cal¬ 


careous plates. The longitudinal layer is specially thickened 

on the aoactinal side of the arms and disc to form a kind of 

longitudinal mu.scular band. These bands unite at a central 
point in tho disc. 

Ske’.eUI muscles. Si>ccial muscles passing between various 
par.j of *he skeWtal system are present. Tlie most important 
are: (1) Muscles of the spines and pediccllarioe, (2) muscles 
which pass between tlie two ambulacral ossicles of a pair, (3) 
muscles which tonnect the successive ambulacral ossicles. 

All three ports of the central nervous system are present, viz. 
the superficial, the apical and the deep oral (Fig. 126 and p. 123). 

»e ectoneural tracts consist of a circumoral ring and of radial 
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nerve trunks, the whole lying in the deeper parte of the ecto¬ 
derm. It is in connexion with a diffuse ectoneural plexus found 
th^oagliout the ectoderm, and at the mouth with an endoneural 
plexus. The apical or mesoncural nervous system and the 
deep oral system have already been sufficiently described (p. 123). 



Tio. ^ Scheme of tho nervous JtysUm of the arm of astardsh (aftor Ca^xiot). a 
b l>«Mjy-ravily of arm; c aiii|*ulla of iubo*lcK>i; d tube-foot; 4 radia] canal of watar* 
VAAcuJar * I rmliul porthm of cctoucural ccotral nervous system; ^ectoneuml plexus 

of tiilic-forit ; 3 ectoncurul ]>)exiui of skio; 4 Lange's nerve cords (deep oral); 6 oiesonoural 
plexus just bcneatli the ioagltudJnal muscle. 


Tho Btruciuro of tiio octoiienral ploxua and its relation to the ectoderm 
aro beat aeon by examining tho annular (circumoral) norve ring or tho radial 
prolongatioiia of it. Tho uctodorm here is much thickened and conaiata 
of elongated columnar cells with their nuclei near their outer ends ; tho 
inner onda of tho majority of tho cjoHb, which may be called nvipporting 
cells, ia|>or and form a supporting tissue for a plexus of fine norvo fibres 
and scattered ganglion col Is,which are here especi^ly conspicuous and cause 
the thickening of the ocU>dorm. Some of the 
ociodorm colls are sense cells, and their inner 
ends do not form supporting fibres but branch 
out and join tho nervous plexus. There lire 
special aggregations of those round tho ends 
of the tulx>-feet. Tho ectoderm along those 
oentral concentrations of the octonourai sys* 
tem is much thickened, and its colls contain 
yoUow pigment groins which give the whole 
tract—in both its annular and radial per* 
tiofio—tho appearance of a yellow streak. 

At the ends of the arms, this thickened 
tract of nervous ectoderm is continued over 
the terminal tentaclO'like process (ocular tentacle)^ which forms the pro* 
jecting end of the radial water^vascular trunk. 

Tho tjra is on tits oral side of the base of this tentacle; it is coloured 
bright red and formed by a special thickening of the radial nerve tract 



FlO. lZ6,—A9tr<yp4€Un aurcfdia- 
tus, end of ray with the «ye Oc 
surrouDded by iplculea (fioni 
Clsus. after iJaociiel). 
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and subjacent connective tissue. In a typio.il nuso* oftcl. «yc ronsiatflof a 
number (50 to more thuii I 00 )of (iinuol-shapoa ertoclnriiiul ihUs, tlio cells e.f 
which contain the rod pigiuent and end in n clo.u- I.i^d.ly-rofnx tilu rod 
which projocta into the cavity of tho pit. The pit is closed towards t io 
exterior by the cuticle, which muy have on iU inner side a lons-hkc. 
thickening. The pigiiumt cells are continued internally os fiiio fibres which 
join the nervous tissue of tho radial nerve. The piU increase m number 
with the growth of the animal and they appear to contain a IrAn-sparont 
gelatinous tissue. In some cosas there ore no pits and tho pigment cells 
are distributed uniformly over the surface of tho ocular cushion {A$tr 0 ‘ 
pecten pentacanihus, miilUri). 

Tile alimentary canal begins witli a mouth which is placed 
in the centre of the actinal surface of the disc in the buccal 
membrane, and leads into a short oesophagus or directly into 
the spacious stomach (Figs. 127, 132). The oesophagus passes 
quite gradually into the stomach from the abactinal part of 



Tio. 127.-—lonK^tmllndl thmuph the dine and i\n arm of SolanUr endicn (from Clau^^ 

invxiificd aft4 r U. *}. 0 ntimtli Icadini; directly, into the wlilo stomach; ^ anus ; 

L licpatlc divi*rtlcuium of Uir ^topiacli; 0 ; Ud madreponto; J$ caecum ; 

d/ mbc-lAti. 

which »:wo caooal divert ion la (hepatic) are given off into each 
arm. Fnini tho filoniavdi a fihort rectum, which receives tho 
rectal caeca, Itads to the anus, which opens on tho abaetinal 
aarfaoo in interradiuR /. // (Figs. 83, 122). 

Tho bucoul niuntbrai^o is tho part of the body •wall round tho mbuth 
in tho vnx\ doprea.'^ion and 19 ihn'oid of calcareoas structures ; tho circular 
miisrula** fibres in it net a coiwtrirtor and the longitudinal tvs dilators 
of tho mouth oponing. Tho oo^nphapus posses without any lino of do- 
!ntin‘atioa into th«' «torniu*lj ; it U besot witli ton glandular diverticula in 
Erhtnajtt^r und i^rthrrlla Tho sUiniach is a spacious, thin-walknl sac, 
divift^d by a horii<»ntal fold (ab'^out in tho .4^^ropecfinidac without an 
anui) into an oral (cardiac) and aboral portion (pyloric sae). Its walls ore 
often ronMitlerably folded, so that it appears lobod. From its aboral 
p^^rtion thn axomach gives off tho hepatic or pyloric caeca (Fig. 128), one 
pair intt> oa»di arm. Those are tubular structures l>esot with numerous 


• rfoffer, Zuol. Jahrb. Anat,, 14, IWl, p, 523. 
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secondary and tertiary glandular diverticula, and suspended to the 
abactinal body-wall of the arm by two mesenteries (Fig. 129. 24). The 
two caeca of a pair usually arise separately from the pyloric sac, bat 
in Bome coses (Asteruu, etc.) they are united near the stomach and 
arise from it by a common tube. The proximal end of each of these 
caeca gives off on ite actinal side a pouch, called Titd<rnatin*s pouch 
(specially developed in the Fehinaatoridoo and Asterinidae). The 
abactinal side of the stomach 
is closely applied to the body 
wall, but between the two is 
a variable number of inter- 
radialiy placed glandular 
diverticula: these are the 
rectal caeca (Fig. 127, J»). 

They vary considerably in 
form, size and nuinl>er (from 
two to five, in Luidia they 
are absent), and they open 
into the roetuin except in 
the Aatropeetinidae, in wliich 
tho rectum und onus are 
ubst'nt und the caeca open 
(liroctly into tho stomach. 

Tlio rectum is a short tube 
which loudsfrom tho stomach 
to tho anus. Tho auus 
(p. 107) is absent in tho 

Astropectinidiu) and Porcel- 

lanastoriilue. The alimen- » ... ,. j , 

tury cunul is lino<i throughout by a glandular ciliated epithelium, and, in 

HuiiH) forms at least, o few cnlcoroous bodies ore found (Culctta, Ophtd*^ 

(taler chinmaia) Isith in ite walls and in the mesenteries which attach it 

to tho body-wall. 

The mesenterial attachments of tho alimentary canal are as followa : 
(1) o Jiuir of muscular strands run. from tho oral wall of tho stomach in 
each rmliuH to be inserted along tho uinbulacral ossicles of the ray (Fig. 
132, rcl); they serve to retract tho stomndi when it has l>cen ovaginated 
for the prehension of food ; (2)a number of fuio cords passing from the aboral 
wall of tho stomach to tho body-wall (Fig. 132. mea); those are remains 
of the septum Ixitwoon the right and left p'..storior coeloms of the larva; (3) 
the Miesenleries of tho hepatic coocu (p. 177 »u»d Fig. 129, 24); these fuse with 
one Hfiol her distully, but proxiinollyoml frooly po that tho space between 
them is in open communication with the gonorul body-cavity. 
'I'lmy ure probably roinaina of tho inesejitory which separated the right 
•Mid left fiustorior body-cavities of tho larva. On this view the apa.m 
lK>tw<«<u tho two mosenteriee of a pair aro parts of the right posterior 
Uely-cuvity, and, if tho division between the two body-cavities wem 
retained in tho adult, tho two mosenlerios of one cne< uni should join 
rfsjK'C'livcly tho moeenteries of the coocu on each side of it in the disc, ao 
os to i-ut off just above the stomach u circular patch of Isidy-cavity with 
two prolongations into each arm. (4) Two bonds which pa** from tho 
aboral mid of tho wall of the axial siniw to tho aUimoch. These wore 
formerly supposed to bo processes of tlie uboral sinaH. 

Z —111 



Fio. — AUetina gibbo$a with ihf* ahactlfuil \>ody* 

w&U removed {ttoto CUuft). Id bepwUc ceecum ; 
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The coelom. The relations and development of the coelom 
have been more fully elucidated in Asteroids than in any other 
class of Echinodermata. It represents tlie following parts : • 
(1) the general or perivisceral body-cavity, (2) the axial sinus 
and inner circumoral pcrihaemal ring, (3) the so-called outer 
circumoral perihaemal ring with its radial prolongations between 



Fio. 1 Diagrfkmmjilic Tiow rf a tmasvers'' svctiun thriiocli the onn of an Asteroid (from 
J tniukft of iho di***p oral nrrvutui uvaUni (; 2 radial wat^r^vaacuiar 
trunk; 3 of no-ralkd radial hWid-vcaac) , 4 ra^lial nerve ol the superfleijU orai 

ByaUni; j rad ml j^crllisemal canal: 6 and 7 hranchea of the »ame to tlie walls of the tubo- 
(•■cl , ^ striked pedicellaria : i> apino ; JO (teoital aperture ; JJ papula with contained body 
cavity ; i. p^lJcellarLa ; (4 hepatic caecufn ; J5 periLranclilaJ cavity ; 16 supra* 

luframarjjinii]: Is adaiuhuUcraJ plate; 19 marginal canal comm unicatlng 
at w ith the peri\iscoral c *»* loni; 21 |icritoncal epithelium ; 22 genital »tnu 9 ; 23 gonad ; 
.1 ru(^nUri{^ of hepatic diverticula; 23 luhc eoiiiuctlng tuU^foot with 26 ampulla; 
r7 eaMty of : 2S Upper ari<l lower trarb*verj«o muscJe.H connecting Uie ambulacral 

piat^t 19 branch'* of the deep omi nerve trunks ; 30 ambulacral plates ; 31 perlvlsoeral 
cavity ; 32 longitudiiial tnusclo ; apical nervous systcHL 


the ambulacral nerves and the radial wat«r-vascular trunks, 
(4) tho aboral sinus surrounding the generative rochis and the 
sinuses in the walls of the gonads, (5) the water-vascular system, 
and (8) the gonads. 

The general body-cavity which is derived from the right and 


• For the gonoraj 
reader ia referred to 


rolatitins and development of thoae Btrueturee the 
p. 120 et seq. and p. 142 et aeq. 
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left posterior body-cavitics of the larva is a perivisceral space 
in relation witli the stomach, rectum and pyloric caeca it is 
a continuous space, is found in the disc 
and in the arms on the abactinal side of 
the ambulacral ossicles and is traversed 
by certain mesenteries which have already 
(p. 177) been described It is lined 

by a ciliated epithelium, and contains an 
alhuiiiiiious fluid with floating amoeboid 
cells. 

The papulae or dermal branchiae (Fig. 

129, 13) arc thin projections of the body- 
wall found principally on the abactinal 
surface of the disc and arms and con¬ 
taining prolongations of the perivisceral 
cavity. Round the bases of the papulae 
there is generally present in the body- 
wall a space lined by an epithelium and supposed to be 
developed as a diverticulum of the perivisceral cavity. These 




FiO. ISO. — ViagnnxmaUc 
transverse section through 
the axial sinus of a starAsh 
(from Ludwig). 6 the 
laroeUae of the inUr- 
brachial septum; C axial 
organ ; St stone-caual; 
H axial slnua. The upper 
tide of the section is the 
body^wall side. 


ilo. 131.-^Diagram showing the arrangernciit of the perlliaenial spaces. etc.» of a sUrflsb. 
seen from the atK^rul side (after Mac Bride), a' axial sinus and Inner perl liao mat ring ; ao 
aboral circular sinus; gen.r generative rachU; ova axial organ; pn./.l/ . . . pH.IV.V 
tlie five parts of Uio so-called outer periliacoul ring: rhy vestige ol right hydrococl* 
I Y tha arms Durube^ed. 



PHYLUM BCHTNODBRMATA 


180 

spaces are called the peribrancliial cavities (Fig. 129, 15, Fig. 
132, phr). 

The axial sinus is a tube passing from the abactinal to the 
actinal surface in the interradius of the madreporite (Fig.I32, 
ax.s). It is contained in an intcrbrachial septum (Fig. 130) and 
is iinfd by a ciliated epithelium. The stone-canal and axial 
organ project into it, being attael\ed to its inner wall, i.e. to its 
wall next the oro-anal axis, by membranes Orally the 


S/. c mts 



Pro. vortic.Al iW ntiil otn* arn« of ^ >nunfZ MorABh 

(4fU*r ill orlftiiinl b> K. Tlic (hruiiffh 

th>' of thi* uiul om«lfviP nt**. a>>onil 9inii5; tfr.n Axlai 4inu8 ; 

i irrmiaal uupHii' tJ t*'*!!^:!**. tr impula uWrual Kilh . ejl^p.r cxUniiU |KhliAeii»al Hna* 
: gen.r petiiu) ror)u8 ; ui'nital %U4(»n (vo'iuiitfAttMU of ntchU ln(4> axUI orgBii); 

».\i p r i^iTiharinal nnic-cA ml ; f.f.c left |M*Nterior coelom of lar>a» hypogastric 

< iMOiMri fif a\li'U : ntfk n*inAiru of thi' nie^eotery A<*pArat!ng tho kft posterior (hyiM>gMirlc) 
omi right I-N .f,x (epigvslrlri itrclontii ; mp ina(iic|M)ric p<tri^ ;* me riuwlrv}K»rir voclcle 
(right tiydrr/<'.K I) i nr m rvi* ring ; o? eye ; pbr t>cribrAncUljU ipan* ; per.rad.c nulUl peri* 
ha* uml tvinal ; vjjrx pciKool coelam. an <»iitgrowtli of the h>|>ogiiA(ric cm*lnni» from its 
v.alN «'ire h^rjoed tho r^tm<toni of the utomach . pyl pyhiric xac; pyV tho n|>etilng of a 
pvlnrl*' ''H* ► ufri; rad n mdial nerte ; rfc< rvctutii. rtf rt.*trActor of tin* ; r.p.c right 

c'N*liim (''plgoAtric of tin* adult); gtx Ht«*mwanAl; #fom. ^tumAch ; tf tul>c-fooi ; 
IT f rut/r v-ater-VA-sciiUr rndUl cauaI , v r. rmy vtAtefNANOular ring CAUah 

axial simiH is continuous with the .><o-oalled inner pcrihaemal 

s[KUf* whioli surrounds the moutli (Fig. 131, a b Fig. 132, iJil.pr). 

At aboral end it communicates with the stone-canal on the 

ono hand and witli the exterior tlirough some of the pores of 

the madreporite on the otlier (Fig. 132, wip.). 3^hc axial sinus is 

deriv<*d from tlie anteri»)r hodv-<-avitv of tho larva. 

« » 

The miter inrenmoral |M‘rih}U*trud ring. whi<-h is separated by 
a slinlitly ohiitjue septum from the iniicM- p<*ri!«;icnud ring ju.st 
described, is not really a ring at all. It is (Fig. 131, pA././/. etc.) 
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made up of as many interradial pieces as tticre are arms, each 
piece being prolonged into two adja(;cnt arms. It thus com^ 
about that each arm has a prolongation of two pieces of the 
eo-called outer perihacmal ring, the septum between the.se two 
ntdial prolongations being the septum (Fig. 129, 3) which divides 
the radial perihacmal canal into two part^ and in which the 
so-called radial blood-vessel runs. This outer circuinoral pen- 
haemal ring is derived for the most part from the left posterior 
body-cavity of the larva (see p. 145). It is lined by a Hat 
epithelium, whether ciliated or not is unknown. 

Thon* is ivviti to bo a cuim! in tho body-wall at tlu* odso of the ainbulacrol 
gruovo whi< h «roiiiiium»rato9 at intervals with tho radial porihaomul space 
ond with tho perivisceral cavity (Fig. 1‘20, 19). 

The aboral sinus (Figs. 131 and 132 afc) is a circular or penta¬ 
gonal sinu.s placed on the aboral side of the stomach between 
it and tho Mkin, and giving olT in (;aeh interradius two prolonga¬ 
tions • to the generative organs {fjtn.r). In this sinus and its 
prolongations lies a peculiar cord of tissue, consisting partly of 
gen<*rati ve rachis and partly of vjuscular t issue. The space, formerly 
supposed U> he a blood-vessel, in the wall of the gonads, is de- 
vcloptd as a part of this system, hut in the adult there is a 
septum which shuts it off from tlie rest, Tlie whole of the 
aboral sinus with its prolongation to tho gonads and the sinus 
in the walls of the latter is developed as a part of the left pos¬ 
terior body cavity of tho larva. 

The water-vascular system is lined throughout by a ciliated 
epithelium, has thin muscular walls, and contains a colourless 
albuminous fluid in which float amoeboid cells. It consists of 
a circumoral vessel, which is placed on the inner side of tho 
buccal membrane close to the calcareous pieces of the penstom 
sends prolongations—the radial vessels—into tho radu, and 
communicates with tho exterior through tho stonc-canal and 
axial sinus. The stonc-canal passes aboralwards in interrodiua 
//. Ill (the flo-callod left anterior). At its aboral end it opens 
into the axial sinus on the one har.d and to the exterior through 
the pores of the madreporite on tho other. The raadreporito is 

• Tho two corUfl whlcli poM from tl»o point where tho oxi^ sinua abuta 
upon tho aboral simm to the •tomach oro not proooeaoe of tho generativo 
r^ifl and aboral ainus as waa fonnorly auppuaed, but of tho wall of tho 
axial ainus (sae p. 177)> 
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a calcareous sieve-like plate perforated by many pores—the 
secondary water-pores. Though in the adult most of the pores 
of the madreporite lead directly, into the stone-canal, some of 
them open into the axial sinus. In the larva the primary 
water-pore opens into the axial sinus. With later growth this 
one pore becomes divided by folding into many, the epithelium 

of some of which becomes directly 



Fio. 13S repr«MDtAtiOQ 

of the Wftt«r*VAACuUr sysUm of a 
BiartUh (froiD CIaub). Rt circumor*! 
vaa»el; Ap pollAD v»lcle ; Stc Btone* 
cuaI ; M madreporite ; P tabe^Ieet; 
Ap' frmpulUe of the 


continuous with tlxe epithelium 
of the stone-canal, but some 
of tlie pores retain their direct 
connexion with the axial sinus. 

The circumoral vessel bears 
two kinds of appendages—the 
polian vesicles (pj 184) and 
Tiedemann’s bodies (p. 186). 

The radial canals, which lie 
between the heads of the arobu- 
lacral ossicles in the angle formed 
by their apposition (Fig. 129), 
give off on each side as many 
lateral branches as there are tubc- 
feet. Each of these branches 
goes to a tube-foot and is con¬ 
nected by a canal which passes 
between two adjacent ossicles, 
with the internally placed am¬ 
pulla. In some forms there are 
two ampullae to each tube-foot 
(many Astropectinidae). The 


radial canals end blindly at the end of the arm in the ocular 


tentacle. 


The tube-feet are always pointed in the young, but in the 
adult they oftem terminate in suctorial disc-like expansions. 
Sometimes the distal feet of an arm are pointed and the 
proximal suctorial. The pointed feet are tactile, while the 
others are adhesive os well. The tube-feet have a well-developed 
ectoneural nerve layer, and longitudinal muscles only, except 
in the sucking disc w’here there are radial fibres, the contraction 
of which brings abo\it the adliesion of the disc. At the junction 
of the lateral branches with the radial trunk there is a valve 
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which prevents the fluid passing back into the radial canal, su 
that when the ampulla contracts, it drives its contents into and 
80 extends the tube-foot. The retraction of the foot is caused 
by the contraction of the longitudinal muscles of its walls, the 
fluid being driven back into the ampulla. If tlie tube-foot has 
a sucker, it is able to be attached to external objects and then 
by its contraction to draw the body of the starfish towards the 
object. Of course movement of the body in this way can only 
be effected when a number of feet are acting together in a co¬ 
ordinated manner. If a starfish be removed violently from its 
substratum, the attached sucker will be broken off and left on 
the stone and water will be ejected from the lacerated ends of 
the contracting tube-feet. 



Flo. 184._Dlagnmaof traniveiM McUooa through the Btone<CAoalBoi vAnooa Aeterolds (e(t«r 

/ mombrene by which the stooe-can&l U attached to the wall of the axial sinus ; 
t eplUiclium of the axial tious ; ^epithelium of BtoDe*caoal; eonnectlvo tlBsue of wall 
of BU>ne>caDal. 

The stone-canal projects into the axial sinus (p. 180). On one side of 
it, viz. on the side opposite that by which it is attached to the wait of 
the axial sinus (Fig. 130), there is a longitudinally disposed fold of its 
lining membrane. In the simplest cases this fold projects into the canal 
08 a ridge (EchintuUr purpureus, Brisinga coronata (Fig. 134, A). In 
other forms {A»terina gibboaa Penn, CribreUa oculata Linck, etc.) the 
free edge of the fold splits into two lamellae (Fig. 134, B), which in yet 
other species (of Aalerias. Pentaceros, Ot^mnaslerias, etc.) become ooited 
(C). A further complication is introduced by the fusion ot the ridge 
with the opposite wall of the canol ond the forinotion, from each surface 
of the septum so constituted, of o spirally coiled lamella (species of Astro- 
pecun, etc., D). Finally there are forms (A«<rop«cfe» auron/iocus, spociosof 
Luidiaaad Culeita)in which these sopto are present in groat number and 
divide the whole lumen into many irregular chambers. All these ridges 
and lamellae vanish at the lower ond of the canal, where it joins the 
circular vessel. The walls of the stono-canal and the lamellae, etc., 
which project into it, contain a strong deposit of calciweous matter. 
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The -mall «« beneath the mndreperit. (Fig .K. »..•), ee.netin.«. enlled 

“ Th“rdt:v:foVrhf >.p>- ... nr 

The de>eo^er> o. tne ^ Durlmm. 

""^TZZtZ The number of mmlroporite. and stono-cun«ls varies 

M aHv In the majority of cases there is only on© of oath, but thoro 

Swav^ (irsociatod either with an increase in the nunibor of arms whether 

Blch appoarB as an individual voriation or as a constant 

o^with the power of asoxuod reproduction by fiss.on oemss the disc 

which sumo starfishes possess. Though the increase .n 
mllrcporitos is generally associated with o greater nmnl«)r of arms than 
(ivo it i.s by no means always foimd in such forms. For instance, n the 
ueJ'ra Hdiastcr and Labidia^t^r which normally have a largo numlHir . f 

.(vins there is only a single madreporito. . , , . , 

Tlio iu.rcaso in the number of modroponbia is found most fniqucr^% 
tl.e fa.n.lics Astcriidoo. Stichosteridoe. Echinostendoe. and Linckiuhw. 
end tlvo following table* iu which the abbreviation M is used for mudro- 
porite .d.owa s-mo of the most conspicuous instances of it : — 

AHleri.u. calamuria Gray, with 0-12, munlly 7 arms, has in 7-armod 
forma usually I, rarely 2 M ; but in a 12-armod specimen 2 M and in 

an ll-arnu'd one, 4 M have boon observed. , x xr 

AKterias tenui^pina Lnm.. has in 5- to O-armod forins I to 3. rarely 4 M. 
AdfrUit capensi* Pott., baa 0 (rarely 5) arms ami 3 M. 

A^leriwt rubervt L,, excoptionuUy 2 M in r.-armed forms. 

Slichtuter jiohiplox M.Tr., lias 7 unn-s and 1 to Ti. iiHuuUy 3 M. 
StichoMUr albulwt Stimps., has D to 7 arms ami i to 2 M. 
Acanlhastercchinitis Ellis and Solaudor, hiw in 13- to 20-arinod sikjci- 

monft 5 to 10 M 

Acantlu^Ur eliUii Cray, hi^s with 11 to 10 arin« 5 ir» M. 

Erhina^lrr crUlanella M.Tr. and E. purpurcun Gray, have in 5-urmod 
iiulividmds I M, in 0- or 7-arincd 2 M. 

Op:ddiw>Ur gvniiuni Perr., has i;i ri-armod forms 2 M. 

Linrkia muUiforn Lam., ha.s often 2 M in fi-uniioil s|Hjeiinons. 

Linckia pnci/ica Gray. vor. dipUu. M. Tr., oiul L. f/ui7i/i«{?»» Gray, hove 

os e rule* 2 M in 4- to 7-ormcd spocimena. 

In above instonco.s the modrt-porites are in difTi'mnt, either conti- 
guouj or rcinoto, interradii, but cooos arc known in which there are two 
nia»lroiw-rit ‘'0 and canals in the same interrudius as on individual varia¬ 
tion (Linrtio muUifora Lum., Hdiaster muitimdiala Gray, and in a 
6 arini'd example of AsUriaa glacialia O.F.M.), and Giard has described 
QHjiocimvnof A^fteriaa ruhent witli one madrojiorito and two stone-caiiols 
p(i.snng off from it. Finally it must l>o mentioned that w»motimos the 
madreporito Ls divided into several piooos, all however connected with 
the sumo atouo-cooal. 


Tledecnanii’s bodies are small yellowish glandular bodies 
attachc<l to the inner wall of the circunioral vessel into which 
they open (Figa. 135, 136). They consist of branching tubes of 

• Takon from Liulwig'e oxcollent account in Bronn*a Thiorreich to 
which the n^iulor rt^ferred for tho facts and iitorature relating to the 
variation in the number of mudreporiteo. 
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cubical ciliated yellow <*])itlH?lium. 
Tiierc are usually two in cacli inter- 
radiuR, except that of the mad re* 
porite, which has only one, and they 
are supposed to be of the nature of 
lymphatic organs and to bud olT 
cells into the water-vascular sys¬ 
tem. 

Like 80 many other features of 
Asteroid anatomy the polian vesicles 



vary considerably both in number 
and arrangement tliroughout the 
-eltwss, even in closely allied forms. 
They are largo vesicular structures 
with muscular walls and long .stalks 
which open interradially into the 
ciroumoral vessel (Fig. 136). Some¬ 
times {Astariaa ruben-s and (jluciaiia, 
etc.) they arc absent altogether; 


Fio. 135.'--Vertical section thmiif^h 
an iiitermtllal region of (ho 
sloiii ol AsUriat rytbent i.. (nllcr 
I.oiiwitfL the connexion 

of one of Tiod<*inAnn*ft IxKlitis with 
(he wiilcr^voscular hn^. U tl&»uo 
of the vaaeular nnit; 

E |K*rihaomAl ring ; J inner 
pcrlJiaoinal ring ; Mi intcrrodial 
iiiuaclo of peiistcm; Mh burCAl 
rnofnhraric ; S clrcnrooral oen c- 
nng ; T Tiedomann’s IxxJy ; H' 
waUT-vasouliir ring ; i^orml portion 
of dorp oral nervoug systeiu 
(Lange's iicr>'c}. 


sometimes there is one in each interradius, except that 


of tlic niadreporite, in wliich there are 
two (species of Antroptctcn) ; finally there 



Flo. lS9.~4^reumoral water-vascular vcmcI wlili Ap(«ndagr« of 
^rfarCiw gibbv$c (after Cuf not. froiii aren from the ulxirol 

•hie. i fiiuuili In the ccoir^ of Uio buccal membrane ; i BU>ue* 
canal ; <5 uxlal mIuiu : 4 Iransvenw inuacfcs of tho ambulacra) 
foJdua : 6 ariibulacral OMdelea ; C polian vcaicic* ; 7 TJctle- 
maijfi*! bodice ; 5 clrcuiiw^ral vetael; Prlngof euppoe^ vaecular 
tiMue; IQ ampullae of tube-feet. 


none at all or 
arc eases of two, 
three or four or 
even more in each 
interradius; in 
the latter case it 
is common to find 
several vesicles 
oj)ening hy one 
stalk. It is sup- 
po.sed by some 
that the polian 
vesicles are con¬ 
tractile structures 
acting os central 
organs to vary the 
pressure in tlio 
whole water-vas¬ 
cular system, by 
others that they 
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are of the nature of lymphatic glands, and that their lining 
membrane—which has the form of a connective tissue network 
containing dividing cells in its mealies—buds off amoeboid 
cells which enter the fluid of the system. 

The aziil organ (ovoid gland, heart) is a fold of the wall of 
the axial sinus, into which it projects. Its walls are secondarily 
folded so that it appears in section to contain prolongations of 
the axial sinus. It consists mainly of connective tissue and of 
cells derived from a prolongation of the generative rudiment 
(pp. 131, 146). 

The so-called vascular system (lacunar system) of Asteroids 
consists of tracts of connective tissue in which the fibres arc 
sparser, the ground substance stains more deeply and the 
leucocytes are more numerous than in the ordinary connective 
tissue. There is a cord of it in the vertical septum dividing the 
radial perihaemal canal (Fig. 129, 3) : tliis is the so-called radial 
blood-vessel. This is continuous with a circumoral cord of 
the same tissue (Fig. 135, B). Tlierc is a certain amount of it 
in the wall of the stomacli, wliich presumably is in conni'xion 
with the circumoral tract, and it is possible that the latter may 
send prolongations on to the axial organ. Tlierc is also a tract 
o? it in close association witli the generative rachis in the wall 
of the aboral sinus. 

Tlio vaacuittr tincuo i'l S'jmrliinoi? tlosorilKMl tia ronsiRtina of biincllos of 
fuoc'.t'Hno'iir.R canalrt w if liout iiny ej)itlu‘linl lining ami contaiitiiiR a coajjul- 
rtM'' il'iid. A d'''finiu> <-ir».ulatioii of this Huiil has novor b«Hm ohsorved. 

The so.X'. are separate. A-sterina gibhosa however lias been 
said be a protandroiis hermaphn’dite, the same gland pro- 
dui ing i.i young spiH'imens spenaata^oa and in old ones ova. 

The generative organs consist of bunches of tubes which are 
attaclu-d on caoh side of the intcrbraohial septa to the abactinal 
body-wall (Fig. 1 27). There arc therefore twice as many gonads 
a;- tliere are arms. Eacli gonad consists of one or of several 
tufts of lubes. In tlie latter case, the gonads extend into the 
arms, to the dorso-lateral wall of whicli they are attached. 
Each gonad opens to the exterior by one simple opening (rarely 
subdivided inU) several) in the abactinal wall of the disc, or, 
when there are several goiiadial tufts, hy as many pores as 

• C\t6not, L. Arch, Zool. Erp. rt gn\. 5 l>i«, 1888. 
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there arc tofts, alon^ the sides of the abactinal surface of the 
proximal parts of the anus. The gonad tubes are lined by a 
simple cpitliclium which gives rise to the generative cells, and 
the external openings are always on the dorsal surface except 
in Aslrrhm tjiUbosa and Asterina 'pance.rii Gasco, in which they 
(JIK*!! on the actinal surface, no doubt in correspondence with the 
fact tliat these animals attach their ova to foreign objects. 

Tlio cornpositiun of tho gonotld of o single tuft or of sovoral tufta is often 
n gonoric chnractor, hut somotimos both conditions uro ft>und in the same 
gonu-s (e.g. Ecltintuter). 

The gonads arc really the peripheral parts of the generative 
rachis. This structure consists of a cellular cord placed in the 
wall of the aboral sinus on tlic dorsal side of the stomach. It 
gives o(T a prolongation into the axial organ, and in each inter- 
radius two conl.s proceed from it to the gonads. These cords 
arc accompanied by a prolongation of the aboral sinus, which 
reaches os far as the gonads and surrounds them (p. 181). 

Kxcept in tliasc forn>« in which there are arrangements for 
tlic care of the brood external sexual differences are only occa¬ 
sionally present, an<l arc tlien usually confined to differences in 
colour. 

A brood pouch is developed on the dorsal surface of the 
Ptcrastcridae (sec p. 192). In some of the Astropectinidae the 
cggB pass into the interstices between the stalks of the paxilli 
and there undergo their development. 

In SticJifUiUr nutrix Studer describes the young as being at first in 
outgrowths of tho stomach wtioro they undergo their eejr\y development^ 
and then os passing on to tho edges of tho mouUi. In AaitrioB ptrrieri 
Smith and othor spociee tho young aro described as being attached to 
the oral surface of tho disc in tho neighbourhood of the mouthy and there 
undergoing tlioir development; the arms being slightly bent over them 
for protection. In species of Dipla^UrioB simUar phenomena appear 
to occur. 

They arc all marine and crawl upon the bottom of the sea. 
They capture their food by means of their tube-feet and many 
of tliem have tho power of partially everting their stomach, the 
inner surface of wliich is applied to their prey. 

Many of them have the power of autotomously severing their 
arms from the disc and of regenerating arms so lost. The 
power of regenerating l(»t parts is great in all members of the 
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group, and in some cases it appcai-s that a ainfilo arm can re¬ 
produce the whole animal. This appears to be the explanation 
of the so-called comet-forms, which consist of a largo arm carry¬ 
ing a small disc with four small arms. Fission of tlie body 
througlithe centre of the disc into two parts sometimes occurs. 
The power of regeneration possessed by a wounded surface 
sometimes leads to the production of curious forms, e.g. in 
Linckia multifora the wounded surface of an arm has been 
described os forming a new disc with four arms. 

The development (p. 133) is rarely direct, and the young 
usually pass through the free-swimming larval stage chlled 
bipinnaria. Including bracliiolaria larvae about twenty bipin- 
naria larvae are knowm. Most of these have not been related 
to their adults. The larva of Asterina gihbosa may be regarded 
as a much modified bipinnaria ; it has the pow’cr of swimming 
feebly with tlie cilia of its larval organ. 

Bipinnaria a^lcrlgera is the larva of Luidia sarsii ; it is the 
largest bipinnaria known (1-1 Jem.). B. metschnikofji and 
miUleri probably belong to 3])ecies of AstropreUn. B. russoi and 
buriji have been assigned to AMcrias ghicialis. 

The Asicroidca arc found fo.ssil from file Cambrian onwards, 
but the known fossil forms arc not nearly so numerous as in tlio 
case of Crinoids and Echinoids. This is doubtless due to the 
fact tliat their tissues do not lend themselves so rcaclily to pre- 
•servation as do those of tliC above-named classes. Tlie early 
forms do not diller es.senualiy from those now' living. The 
class is divided into two ordei.s—tlie Encrinfiderim, in which 
the arabulacral plate.s aUernate on the two sides of the arm and 
Die madreporite is on tlie lower surface ; aiul the Euaisiiriae, in 
which the anibulacral plates are opposite one another and the 
madreporite i.s uji the dorsal surface. The Encrinanticrutc, are 
exclu.sively Palaeozoic, wliilc the EuasUrtac im lude all the living 
forms and make llu'ir first appearance in the Silurian. 


Ortlor I. ENCursASTCKixB. 

With fliarui'tcra 08 ubovo. 

A-tpi'losonia CJ.ililf. lowor LVvnnirtn ; Pitla^dMltr J-Tall {AreJumUriaA J. 
Miili), Silurian, Di'Vunian arut C*irl>»uuf>Tous ; Cru-itcrrlla [S'tt-nan- 

ter Itilliiigs), lo’.i.T Silurian: Pitlaghrina McL'u\ ; Palacodi.scui* Suiter; 
Palatocotna Salt<.*r, upper Sihiriuii j Sall<:rafit^r, ote. 
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Or'Ii'r ir. EuASTEniAE:. 


chnruitors as above. 

Stib-Onbr I. PHANEROZONIA. 

Widi n»arnii»iil pbHc'!. I’Ih' suprefiiartjinal anti infriiinurpinal 

plftloa nro in ccriUiLt. J’ap'ilao n-sfri< bal to llio abainbulaoral surface 
within tin* area l>omulo<i by lb<> Biij»rainur^'mal pJates. Amlmluorol plates 
usually brem.l. TulMs-f.x'l in fw<» rows in ouch arm. Oral ndiimbulocraU 
promiiiont. PcdirrllariiM- xslaai prox nt bcsbjJo. 

Fuin. 1. Archasteridae. Murtnnal plates tliiek, with spines or spini- 
form impilloo. Adaridada.ml plal. y large and not oomprc.ssod. Vcntro- 
lafcoral.s and margiaols xsitli spines or pa.xilli. Siiperatnbulncral plates 
al>8ont. Pernrr/iestfr Slad. : V'en/n-kr Slad. : Clicira^trr SUtdor ; Pertf 
naslfr P<Tr • L<mcltolant>r. PlutounM<r Slad. ; Archaal^r Miillor 

and Tmschel; AsUrotlon I'orr. : (ktonlaaier Vernb . <Jvu,opcc:tn Perr. ; 
reeiuian l>a3tcr,A,>h,oJiUi>.icr Slod. iintial. s|>ocios : Pon'.a.^ier 
Seilly, Fttoroc Channel, cb- 00 00 Phtioua^lrr Infrons. taeroe 

Channel, etc.. 200 -1,300 fms. PI 6</»ons. N. of lr»»Uind, 1.300 fms. 

Fain. 2. Porcellanasteridae. Marginal piau-s well «leveloped, but tlmi 
and pnrcellnnoiis in appearainc. and apparently naked or covered only 
with a thin epidermal layer. Abaetinal area covon-d xnth mrmbrano 

and OArrying in Hh vouiro an 
opipro<tal proinincnc c' (Fig* 

137). Aniw wild to bo ab^^nt. 

Actinal Rurfuo<.» of diao ia 
oovorod inUirradiully with 
equorniforin plntOM. Oibrifonn 
organH (1 lo 14 in ouch iiitor- 
radius) proac'iit. Adcirnbiilaornl 
platoa largo with wlniplo mar¬ 
ginal uTJnJituro uni 0 <*riully din- 

Si uro «xclu»iv.ly tl,o d™p Bcn. Cr.br,tor.,, orBans oro 

.ituatad o,. the „,arBi„ul b. tho b.tor-brarl,.«l rog.or, ot tbo disc 

and o«U-nd rvl.on ..,„n. r..„» .m to tbo ba« of tho arn,». Iboy cons,at 
of a n.i..,l>cr of paralb l vertically arranged e.dcareoi.B larnollao oqual in 

length to the height of the two series of marginal plate^ 

krccliar^astcr W. Thorns. (Fig. 137); Hyphalasier, and 

Thcraca^Ur Slad.; P^euda^Ur I'err. ; Ctcnorf^cas Mu 1 and Iroscb. 
IJritUh Bpocics : CUnodifcux rriMaUitt. Fu<‘roo Chonnel, 312 fnis. 

Fam. .3. ABtropeclInldae. With large marginulu boaring spines or 
spiniform papillae. Actinal intfirradial oreaa small. Abaetinal skeleton 
with paxilli (Fig. 121). Tubofeot conical. Superambulacral plates 
prosont. Anus ebwnt. Pedieollariae rarely present. In LtpioptychaeUr 
kergueUnwisia tlujoggs pfissiriUr tbospuees botwoon the groujis of paxilli and 
there develop (W. 'Ihoinson, J. Idn. Sue. I^uidon, 1876, 13). 

CrtupidaaUr Slad. ; Lrptoplythtixtrr Smith ; Moiratter Sla<l. ; Blaki- 
■uUr Perr. ; Asiropectfn Lim it ; Pnilaattr Blad. ; PlioxoaUr Slad. ; Dathy- 
biaaUr Dan. oml Kor. ; Jlyunlrr Dan. ami Kor. ; Luidia Furlxjs ; Plata*- 
Uriaa Cray. Dritisb species : Lepioptyrhaairr arefieu*, Foeroo Channel, 
1,312 fniB. Aatropeclen irrryiilari* {attranliucua) Atl. and Med., 10-1,000 
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fms. Litidia c»7iari», E. N. AtJ., to 87 fins., L. «iwi, E. H. Atl., to 374 

fmfl. 

Fam. 4. Pcntagonasttrldie. Intcrbrnrhinl n^gion of woll •)•>- 

voloped, 80 the body is pontaguno! with nion* or h'ss conciivo «idos. Miir- 
ginals well developed. All the pintcs, both dorsnl and ventral, form iv vIoro 
mosaic, and ore granular or naked. Anus present, but often bidden by 
paxilli. Penta{ 7 onast«r Linck. (Fig. 117): «S/rp/uinastrr Ayres ; ABtrogonium 
M. and T.; Callituler Gray; Chitoyuifter Sind.; Calliderma Gray; 
Iconaattr Slod. ; Onalhattter Slod. ; Nympltnater Sind. ; rarnijotutMlcr 
Slad. ; Mediaater Slad. ; Nectria Gray; SuiUmter Gray ; Ogmantcr v. 
Martens ; Leptogontuler Slod. ; Gon»odi«rt(s M. and T. ; AJitnaafer Slad. ; 



A Uca.,./.. Po.-. ; ^Yopluatrr I'rrr. ; BritL.l, species : Pantagonaatrr greeni. 

Fan M Channel. r,5U fms. 

• Ant.u' 38 .dae. nuh woH dovdopt^d iimrginuls, which niov 

■ eer Krarulcs or t.d^rcles. Actinol interrndial aroo/large and covorc.;! 

Anus 

V fl ^'■“y ; Oontaalcr L. Ag. ; ffippcutaria Gray. 

am. PenUcerotldae. Dorsal marginals smaller than the ventnd 

hie 'r --0.^ with in^lo pavoment: 

hke plates which bear unct,ual sizi-d granules. With small valvate nodi- 

cellarioe. Abactmal skeleton reticulate. Anus distinct. ^ 

i Lmek. AWrf/.a Gray ; Amp/ua.ter Vorrdl ; />enta«rep« 
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Slftd. ; CuicUa Ta. Ag. ; Astcrotlucwi Croy ; ChorioAUr Lutken ; PauUa 

7. Gjmnasteriidu. MiirgiiuU pl.iu^s largo. Tho whole body ia 
cuvortxl with a tliiok moinhraiio. Amin uKually short. Actinnl intcr- 
riwliuJ arcus with liirg*! rogiihir plates, AlMU-linal skeleton tossclato. Anus 
distinct. M. and ‘1\ ; IfcrnutAlrriuM INsrr. ; UymnoAtcruis Gray ; 

Tylaster D. and K. ; Porauin Gray <Kig. 13K); Margiruulcr Pofr-j 
WtfgoAUr Slod. ; Poraniomoriilia I), and K. ; LoAUUter Slod. British 
: Ponnui ptUviUttJ*. K. N. AtL» to lOG 
Fiun. 8. Asterinidae. With Htnall, sometimos inconspicuous marginal 
plates. Abaetinal skeleton coin|>uMxl of imhru.iting plates notched on 
one Kule and Iwaring spines on tlio fr«x> margin. Actinal interradial 
ur«MW with iinhrieating plat<« lienring spine.s. No pcdioellariao. 

(fyreihra J. Ik-ll ; ($Hiu rin tSray ; Paliria Gray ; Ntpanihia Gray ; 
AMleriiut Nardo ; IH/uwUriun I’err. ; Patmipcs Linck ; SUgnaaUr Slad ; 
Trrnuisfcr Verr. British sjan-HTS : Anferitut yiljhomt, E. N. Atl., to 35 fms. 
PtUmipca plttcenla, shore.s of Britain, otc., to 30 fnis. 


Sub-Ordur 2. CRYPTOZONIA. 

Marginal plat4's iiiconspiiiioiis. Tlio suiira- and infra-marginal plates 
lire often s('parat«ul by inli-rincilinte plah'S. l’n|ml€«) not confined to the 
an a bounded by tin. supra-inarginals, but fmirul also between the mar¬ 
ginals and on Iho ainluilaeral surface. Ainbulueral plates crowded and 
narrow. TulK>-fiMa oftiai in four rows. Aiubulucrals or adatnbulacrols 
.if tlio oral ski'loton proiuiiauit. Bodicellariae stolkcil or sessile. 

Kani. I. Llnckildae. Marginal plato-s coinpur.itively well developed, 
and in contact. Disc small, arms long. Abactinal skeleton tessolate. 
I'cdicitllarim: (rarely prewnt) excavate or foraminate. 

ChaeUmtrr M. and T. ; Fromia Gray ; Ferdina Gray ; OphidioaUr Ag.; 
/Vioria Gray ; Leuistcr Votora ; Litiekia Gray ; Phataria Gray i Nardoa 
Gray ; NaretAnia Gray ; Melrodira Gray. 

Fain. 2. Zorossterldao. Marginal plates in contact. Disc small ; 
arms long, cylindrical, and tapering. Integumentary skeleton spiny. 
Aliactinal skeleton tossclato, arranged in regular longitudinal and trans¬ 
verse 8ori<»i. Briinary apical plates persistent and distinct in the adult. 
Tiilio-foot conical, tcrininatod by a snioll sucker ; they are arranged in 
four series at the base of tlie arm, in two series distedly. Podiccllariao 
(furcipiilute) stalked. ZoroiuUr W. Thom., for the most part from great 
depllut; CMmidoBUr Slod. ; PholukuUr Slad. ; MatnmaaUr Porr. ; Caly- 
caatcr Porr. 

Fain. 3. SUchasterldse. Marginal plates in contact. Disc small ; 
orms long, cylindrical and tapering. Integumentary skeleton for the 
most port granular. Abactinal skeleton tcsselate arranged in longitu¬ 
dinal rows. Primary apical plates lees distinct. Tube-foot usually 
cylindrical and with hu'go terminal sucker, arranged in four rows all 
along the arms. Podioelluriae forciptfortn and forficifortn. 

OoeloAUria* Stimpson ; Stickaster M. and T. ; Tarsoster Bind. ; Neovto/- 
pheuier Slad. ; Tonia Gray ; NatvuUr Porr. ; Oraruuler Porr. British 
species : Stiehasler roaeus, Brit, coast, to 200 fms. 

Fam. 4. SolssleridM. Aboctinal skeleton reticulated, with plates 
corrying on a projecting tubercle a bundle of divergent spines. Actinal 
intermediate plates more or less developed. Anus distinct. No pedi- 
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r.-llari.Jf' rro.^s.tHl,'r M- aii.l T. ; S..l,f»l(r I-.tImm; nhiputaxter SIml. ; 
CUutistrr l’(rr. ; Luphn^Ur N'. rrill ; Korclhr.tst^r \\. 'I'h.Mus. ; I'.rit.oInMer 
SIihL f*pfcics : Solo.'ittr i>iii>p<n'Ufi,K. N. All. to (itM iS.ntficca, 

1*1 laO frns. 

Fain. 5. Pterasteridae. With a rothnilaU*<i dapNul skc*l*'(on lioanng 
paxilUlorm gioiips of :*pino4. Tlu'sa Rpinos nro united loi^.dlier hy a 
iiM UihviMxo (aupnulorsal nieinbmne) whii h f«>rmH a routinu<Mi> l•a^*^l>y ovar 
tho cliirsnl surface. The chnmlH*r so cnclostal is sai*! to \hj a hr<*«til (liaudw, 
und opens to tho exterior centrally l^y a valvular a|>erlmv. aiel by a 
niiTuber of sniaU contractile pores m tho Huprmloi-sal nuanbraia*. anti at tho 
sale oi t)ie arms by apertures n'trularly recurring over each adaiiibuliiern! 
plate and called tho ftCkjmental nportim's. I'ha canopy is pn^^^ent iii all 
Hpi ciuieiif^ hitherto exaiuiiied ; it is luicertaiii whether thesi> Kpe<irnenrt 
wvf females *ir herTuaplirndites or whether tiu* canopy is pm^^ent in both 
Hexes. Th<' Hupradorsid inenibrane may in si>iue haiin hn uindly or 
partiallv ah*)rted. Actinolatenil Hpir\**8 when pro-«'nt unilod by nwnu 
ht.ui*' HO as forni a web on tho actiiuil surfa***'. riMJi<cllnrian alm>nt. 

M, and T. ; J!t taster Forr. ; /;*(//*n r Slad.. fi oin tho deep 

sen; f \ilif(>lrn/^Ur Slad. ; HymenaffUr \V. I'laaiiH., alnuist entirely an 
ahvp''4al (i*riu ; lUnthn.^ttkr Slad., from tlie ilccp soa : l\>rT. ; 

Cr\fi^tn»Ur Vc^rr. The uImi\o are di«*‘o-j)cutag*inal in form and have a 
Huprad**] Hill ieerul»rano with s^'^nnental apiai un r Slad., 

atellat*' haans without 8U[»riKlorHal membrane, ai tino lap rul spines and 
segmental apcrtur».*H, from the ilfH'p seal. 

t\uo. Echinastarldae* I>ors/d .Hk<*|c1oii fonuod uf platen dis|MistHl 
ill hmgituiliiuil and trauHvers*' H4TieH, i»r in an iri***uniar iietsc*>rk b>»iiririg 
hpiiirs. Epiru s lUoiliTatc, pidnti*d, mikvd iM*eover4’d by a thin loianbraiie 
ciudauiing cah ait'oiw gninuiiiti*»iiH. Ai ioh long. IV dicdlariuu presiait 
onl\ in Amtifhiisfrr and Tuhvi^inT. 

\i Kinthn/t^rr < lorvius, with nuiiM'r**iH arins (mort* tiuiii 10) an*l Mcverul 
(r>-l*») lu.Klrepori** plutoH ; Mithr^Hlia (Jray: ('nbrclUi Ag. (Hinric*(^ 
I’ri i.v) ; /'• rA*aii.*ir* r Sla<l. ; M. and 'V. (Fig. 118) ; /V» r//Mr# r Slad. ; 

r/;/t‘<i>ar l'* ir., >N‘itli wiilteineshed arrariLaaiitmt of tlu‘ caleareoiiH platc*R 
locI gionps * { pa|>ulao. UritiNli k|km*U'» : Crittrellu mrujuiuoknta^ 

F. N. Af 1 , t • 1 .!h’»n fms. 

Heli^ilf'rida©. Arms very iitiini-rous (nn^re thaii *Ja) and 
o . . \ha«’tinal skeleton reti«ailate. Tub^.^-ffct in hair ro>« 

• r iiltetl ‘‘Opfa. //rhVi.s/fr Urav. 
dir**lla^terl(lae. Disc Humlt, not s)iarj)ly niark*Ht otT from 

\ 'irtiiid *d the nniiH nU iculat«*il. rulu'-fiH^t in 

' roiriM ious^ hirco forcipif<*rm {hmIm i*llariae. (lenital 

• tl ' i • Sarn ; (uruaux^cr Fcrr., with 

* t ’ '* ‘'/»r l\‘rr. ; Oa.strQjft* r Fi rr. 

f sit. Ildar. \\ itli reticuluto aha«a iiud nkt^f^ton, Ix^aring 
.'I 'ruhe-fwt in four nov>. IVdivellariae fur- 


F oil. : 
ollMl t . O j < 

I )m\ I I •’,> 1*0 

I'a Ml. vS 
til*' 

f •'» . 


• agan 
hu< nm lUb 
l*iOu. i* 
'lat* d 
1 1 i*i|oi 11 • • 

ll \ I ' HI M 


' la fin. 'MrinhiaH td this f.niiily ahich have M‘it»re than 

*o 1» 1 f " :• no tmolrH : in Hin h specien the nnmhtT nu»y bo 
' 4 iol\ ''ix. H tfir number may siibj<M t to inda\‘idual Viiriiitiom 
l\‘fi /tnf-’th-i MMMpH*Mi; f utM Verrill ; I^olyiiAtcriiui Perr,; 

SC .'r/K SI I.l . L»pifishr{aA Vcrrill ; A^tcn'an L. ; J>tpUi^UrM». IVrr. ; 

r.u^ SI.id. . SpifntHUrias Pen* ; AoUf^Uriitn Vow, ; HipfrUAtorui^ 
Shul. ; nufi Slud. ; V<jd*t.'iUrt'o.n IN rr. ; Coittphom Crtiv : 

iUMUria.H l\rr. liritish Hpeek*H : AtiknuM E. Atl., to thi fma,. 



ASTEROIDEA. 


193 


A. rtibenfi, ditto to 110 fms., A. mutlUri, ditto, 53 to 433 fms., A. murrayi, 
W. ooiust Scotland and Ireland. 

Fum. 10. Brisingidae* Arm^ long, marked off from the disc (Fig. 139), 
Marginals absent or vosligiul. Ahactinal skeleton absent or present only 
on tlio ovarian regions. Tubo-fuot biseriul. Genital organs opening on 
the sides of tho arms. Soiiiuwliat opliiurid-Jiko in appearance. For the 
most part in doop water* 



Fro. 330 .—OdMa tUgins E. Per., atiactJaal view (efter E. Perrier). 


Hyri'^nodiBCus Porr. ; Oymnobrisinya Studor; UrUinga Asbjdrnsen; 
Odinia Perr. ; Freyelta Porr. ; ColpaeUr Slad. ; Bri^ingaster do Lortol; 
LabidiatUr Liitkon. British species : Drisinga endecaenemos and coronata, 
E. N. All.. 100 to 1.300 fins. 

The storfishoa of tho abyssal regions of tlio ocean belong to tho families 
BrisingitUie, PedicelUiatridae, Zoroa&Uridae, SiichasUrtdac, PieraeUridae, 
PtniagonaBitridatf ArchasUridae, PorcfUutuisUridat. Bui those are not 
exclusively abyssal, having littoral ropro8«mtativos in various parts of the 
world. 

Z—III 
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Class OPHIUROIDEA * 

Brachiate Echirwderms with the body flattened in the or-nnal 
axis. The arms are sharply marked off from the disc and are 
without an ambulacral groove. The madn iHjriie is on the oral 
surface. 

The Ophiuridfl are braohiate Ecliinodernis, and tlio arms 
which are very rarely more than five in nunibi r (c.^^ Ophuujlgpha 
hexactis with 6 arms, Ophiocantha vivl^xirif 6 or 7 arms, O. 
avomala and nodosa 6 arms etc.) are 6liai]>ly marked otT from 
tlie disc. The ambulacral prooves are ubs« nt or so slightly 
marked as not to be noticeable', and in most forms the ambiila- 
cral nerve tracts arc separated from tlu' ectoderm by calcareoiLS 
plate.s. The generative organs usually oi>en into s]ks ial pockets 
devcloiicd on the oral side of tlx* disc at the basr of llx' arms ami 
culled the genital bursae. Tlie alimentary canal is witliout an 
anus and is not prolonged into the arm.s. The wa(cr-|iore (or 
pores) i.s on the oral surface of the disr, and intejradiul in posi¬ 
tion. Tln re is an axial sinus, axial oigan, and gem ialive 
rach'{ The ti.ssiie of tlie so-callcd vascular system is fechly 
decelo[H'd, and the tuljc-fe«-t are witliout ampullae. As 
stall'd above tlie arm.s are rarch' more tlian five in numb<*r, I>ut 
in liie Chvlophiiirae tlicy may he mucli bianchctl (Fig- Mb). 

'idle int'-gument is not ciliated, and excejit in the ('la<K*})hi\irae 
and pcrliaiis some .Strc]>toj>liiuiidae the ectoderm is not jiresent 
as a layiT distim t from the dermis. Tlie dermis is without 
iiui.si Ic.s, but in all Ophiiiioids. except the C’ladopliiurae, is richly 
prfi\idcd with ••ah-areou.s plalis. As a general rule these plates 
form a I'omplcle dermal armour which nicy or may not he 

• A. LjuiiixiiiAti, Ophi\*ri(ii'n x^iviniia UMtpiK: Stt.x'khtilMK 

IKiiT. ti. J-u<l\viu\ TrirluLsi^r /</., 

Murnl-icrltii ilt r u. ()plMun*n, 1?^70 /(/., Zur Kiit.tl. 

I^ 'ill. Is^‘2. /r/. <.>[>liinpt«Tun ftr., 

47, rij. 1,'. niMii, tm 0|iliinri*Ka, ( 

/</., <Jphiiiritrn' him) A^tropliytlao (/utalo^fuc of Oif 

ii.s\ inn of (.‘Oinp. of HnmirJ I. 4’unil)rik)^r''. IKOfi. 

L. (niatiirMit|iu*s snr los ()plnnivf. . Irc7u Zool. Expx'r. 

it <;• M (‘J), H. p. ;i:{. |C, \\ . Muc Hritli*, l'>ovi''l(jj>na»nt of tlu> 

• fi',, in Af4i)>liiura stpiamala, Q.T 31, 1S03, V, 

.ImIiVo' HmII, •V C^»ntT i)*ution to th** r'las.'tifh at b*n of Of*liiorokl^» otc., 
Er , X. *o}. Sor,, IhU'J, p. ITTi. J. \\. Clns'^iMoatiun of t)iu 

palaoi »Z' dM KrkiiiotlMriim (OplunrMjili.ak Pn^c. Z'^ol. ISIH*, p. 

Latioai i‘{ M»h li iiftiHi, Tho ()pliiuridtu\ Miuh. Han anl (*o}Utjep 23, 

O. Htinuum, Opliiuruidoa, in Uronri'e Thx» rrcich^ lUOO-lUUl. 
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covered by a soft integument, but in the Cladophiurae and 
some Streptophiuridae the skeletal plates of both the disc and 
the arms are much reduced, and tlic integument is soft and 
thick. 

The skeleton of the arms consists of a double row of internally- 
placed ossicles which are generally fused witli each other in 
pairs and are comparable to the ainbulacral ossicles of Asteroids 


17 J8 19 



Fio. 140."TrAn«vrniQ ftecUon thrrmgh tho arm of an Ophlarld, dJafn^mmatJe (from 

/ (uiriliutacrol UntAck*|; t Jta cavity ; J oplneuraJ circular canal; 4 drcuUr 

iMitli At tlia baao ot the tentacle ; S under arm jdaU ; 6 radial eploeural canal; 
y radial nerve trunk ot the eupcrncla) oral eystem (ambulacral Der\*e); S radial blood* 
veanel; 9 radial trunk of the deen oral nervoua ayitem (Lango'a nerve); 20 radial peri* 
haemal canal; // iicriphoral branch of the radial nerve ; 12 tplne; J3 lower lotervertebral 
muiirle; 24 lateral piute ; IS ambulacral (vertebral) oaaicie; 26 upper loterv'ertebral 
Riijnclo; 17 brnclilal coelom; 16 Bf>ccla]ly cUlaUsd atHp of peritoneum: 29 upper arm 
plate; 20 rnflial water vascular trunk; 22 lateral portions of tho bmchlal coelom which 
are repeated In each bradtlal aeguieDt; 22 branch of water vascular trunk to tube^foct; 
23 gan^oD at base of sploa; 24 motor nerve from deep oral nervous syitem. 


(Fig. 140, 15). The watcr-vascular trunk, perihacmal canal 
and nerve cords lie on the lower side of these ossicles and a 
prolongation of tho perivisceral space on tho dorsal (/7). 

The outer or ambital skeleton of the arm is segmented. Each 
segment consists of four jdates ; a median under arm-plate, a 
median upper arm-plate, and two lateral arm-plates (Fig. 140). 
These plates join one another and tho corresponding plates of 
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the adjacent segments, except in those forms in which the 
skeletal plates are deficient (Cladophiurae, some Streptophiuridao) 
and the arms have a soft integument which contains only 
small skeletal pieces. The lateral arm-plates, which are generally 
compared to the adambulacral plates of Asteroids, carry spines, 
the others do not. The tube-feet emerge through openings 
between the under and lateral plates, one pair in ea»ch arm* 
segment. At the edges of these apertures are small scales. 

Tho ambiilacral or vertebral ossicles aiiae as soparute pieces, which 
generally fuse together in pairs. In certain deep sea forms {Ophioheius) 
each of these has the form of a curved rod joined to its follow at each end. 
The Hiioc<'ssivo oRsiolos niovahly articulate with one another and are 
attached by nniaelos (Fig, 140, J3 nnd 16). The articular surfaces vary 
in form and may develop process/'^ and pits analogous to tho zygosphenea 
and zygantra of an ophidian vertebra ; but sometimes the articulating 
surfaces are simple ond tlie arms have o greater power of movement 

etc.). Tlio rnrlinl wati'r-voscuhir trunk lies in a groove on 
tho lower 8i<ie of tho anibuhicral ossicloH, and its branches in passing to 
tlio tube-foot have a curved courso throvigh these strxiciures (Fig. 140). 


Spino8 arc present on the lateral plates of the arms, and 
occasionally on the upper surface of tho disc and on tho lower 
Hurfiieo between the arms. In Ophiopttron elcffivi^ some of the 
nnn-.'ipines of raoh arm-joint are united together by a thin 
Irausparent metubrane, tiuis forrnittg a series of lateral fins. 
IN'clicfll, Iliac of (lie urdinaiy typo are not present, but in some 
t'oj fin (Clivdoplii irae) movable liooks, genertUl}’ articulated to a 
jM ilit Ir, arc fouml on cert.iin of t lie arm. The hooks which 
I'lciir in ]>.iirs arc not ojiiio.-sed but move parallel to one another. 
Such luoditicd ])< are fnund in Asfrophi/lon, Ophio- 

ihnr froijih^, Tri.-hait>r fUgun^. The al>=icnce of true pedi- 
' iHariae in ( ipliini 1(1.'=; \souUl aj)j*ear to niilit;'(e against the view 
tiiMi })rdicf*llariao J»lay an indispensable part in keeping the 
skin of I’li'liinotleniis clear of foreign growtlis and debris. 

'I lie lower .skeletal j)ie<-ca of tlic ilisc constitute tho oral skeleton 
niid iiti^ very eoin]ilicuted. They comprise the proximal ambu- 
laeral and tulambulaoral (latei'al) bracliial plates, and the inter- 
' ' lial biiei'iil sl\ields, oti one or all of which arc the w'at-er pores 
(see lii'low), and a number of accessor^’ pieces which belong to 
the Hoibilul Hkelet<Jii. 


T (id intoguiuotit on tljo lower sido of tho disc botwoon tho iixsortioiiB of 
tbi» anna is uitl.or soft and contoins small Lsolatod skolotal pieces or 
graniiloa.or is provided with a layer of imbricating plates. Tho buroal 
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apertures which in eome species are doubie (Ophioderma) are placed on the 
lower side of Iho disc^ one on either aide of the inaertion of each e^rm* 
The gential plate (Fig* 141, gp) is a skeletal piece placed on the radial side 
of each of these slits* 

In a view from the inner side (Fig* 141) the angles are seen to consist 
of four plates; the two oral-angle plates (am ^ + ad |) and the peristomial 
plates (am I)« The oral-angle plates meet at the torus angularis {(a) and 
diverge outwards and towards the radii. Each of them has on the side 
towards tho buccal iissure two depressions for the oral tube-feet (Fig. 141, 
pteb) and carries on its lower edge a number of small spines ; of these some 
project into the buccal fissures and are called oral papillae (Fig* 142, 20), 



FiQ. 1 < 1 . — Orel bKct'lon of OpUutpyren longitpinu^ front tvjthlii (from Ijing aft^r 

J.yifinnl. utn .imijulucral <imi pcrislnutUI Oi be ilm uTiibiitavral 

fHAl' Io (»f tlie llr-t br4cbi.il . <11/17 ; D teeth . /O bursal 

lurrA ; gp g- atal |>bvtc ; iOr Mtterbrachl.tl region ; pUO dcprc^sloiu for oral iubc*feet ; 
itff burial tie; ft ati^tilarl^. 

wliilo others oriso nearer tlio angle and project towards tho centre of tho 
mouth and aro called dental papillae. Tho dental papUlao are above the 
tooth of tho torus anguluris. Tho oruhanglo plates arc supposed to con¬ 
sist of tho udainbulucrul (lat/>rul) plate of the first brru'luol 84>ginont (noxt 
tho angle) and of tho ambulacra! ossicle of tho second braclnal segment 
(outer part of oral-angle plate). 

The peristomial plates (am|) uro on tho inner Hide of tho oral-angle 
plates on<l are supposed to rr^prosont tho ainbulucral ossicles of tho first 
brachial segment. 

At tho ouU'f end of each buccal nesuro is a plate (Fig. 142, 8) which is 
suppofKtd to bo tho under plate of the second brachial segment ); Uorsully 
to this there may be somotirnos made out onothor piece which is supposed 
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to represent the under plate of the first brachial segment. Tlio month is a 
star-shaped aperture with the five intorradinl angles projecting into it 
(Fig. 142). These angles are formed externally of four plates : Uio oral 
plote or buccal shield (7), of two lateral buccal plates (5) Iving on the sides 
of the buccal shield ond moctiug on tlio oral side of it, and of the torus 
angularis. which carries teeth. The lat<TaI l.uccnl sliiolds are ^pposed 
to he the modified odamhiilacrnls (laterals) of the second brachial seg¬ 
ment. The torus angularis ci>i»«ist of a vertical row of pieces which 
may fimo together (Fig. 141, ta). The slits between the angles are called 
tho buccal fissures. 



Flo, H? - Lower 8'irfrtce nf nni\ of of Lym, Pom fn*in tlio out- 

Ifrviin afUir Lyman*. 2 Ufidof J *if tlie LitiTal i*latrj4 4 ', J U'lW 

t4i( l»> ; A lat<‘ral t'Urt'al stilfltls ; (i apcrtijrc,*^ of t’tjr?.ae : 7 louviil -hM KU; hrst 

uri*i»'r of firm (fiUpjiodoU to Ih*I *ug to the Uod trudiinl ; 9 tofUd dtigulurun; 

fO oml 


The skeleton of the disc. The upper Bkeletal plates of the 
disc consist principally of tho plates of the primary apical 
system, hut there arc general!*/ otlier plates as well, and these 
may bo so numerous ns to completely obscure- tlie primary plates. 
Moreover tiio completeness of tlvc s^’stem ot primary apical 
plates varie.s even in the same genus. In a typical case the ar¬ 
rangement ctf plates on tlie upper side of the disc is as follows 
(Fig. 143) : a central plate surrounded by five radials (r) and five 
bosala (6a) ; the radials are separated from the central by the 
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infrabasals, beyond this system are the ten radial shields (rs) 
and the five second interradials (ir), wliich do not belong to the 
primary apical system. 

Tlio complotonoss of tho npical systom varies much in the group. In 
some forms, the embryonic condilion is retained, but even hero it may 
bo reduced to tho centrui and five rachals, or central and five basals. 
Not infrequently it 
happens that tho 
intog^imont of the 
disc is soft and tho 
plates small, scat¬ 
tered and incon 
spicuouB. Tho 
radial shiolds are 
perhaps tho most 
constant and con¬ 
spicuous of tho 
upper ekolo tal 
plates of tho disc 
(including tho 
apical system). 

They somet imes 
romdi from the base 
of the arm to near 
tho centre of tho 
disc. 

At the end of 
each arm tliorc is 
a median termi¬ 
nal plate wliicli dilTcrs from the terminal plate of .eVsteroids in 
the fact that it not only lies over tlie terminal unpaired ten¬ 
tacle of tho watcr-vascular system, but completely surrounds 
it. 

The alimentary canal, the mouth of wliich has already been 
described, leads by a sliort ocsopliagus into a largo stomach 
(Fig. 14!). Tile stomach is witliout any special glandular 

appendages and there is no anus. 

The nervous system is arranged very much as in Asteroids, 
except that the cctonciiral plexus is absent in those forms in 
which the epithelium of tho ectoderm is rtxluced, and that tho 
ventral system (circunioml ring and ambulucral nerves) is re¬ 
moved from tho surface and lies in tho wall of an epineural 
canal (Fig. 140, 7). This canal, which is lined by ectoderm, bemg 
developed as an ectodermal groove, is covered ventrally by 
calcareous plates. It is found in connexion with tho circumoral 



¥to. 143.—PlAtos of tho upj>cr enrfsooof ttic of Ophiomusium 
pu/itiutn (from ramr. after 1*. H. Carpontorl. ct contra! rUt<': 
f raUiul,6a j»Sute»; IJic dotted platea botwc«D tho basalA 
and tho cent ml aro tho InfrabasAh; ir iDtorradiaJ plates ; 
n radial shlcUU t br arms. 
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ring as well as with the radial cords. Tlio latter arc swollen 
into ganglia at the points where the nerves come off. 

The deeper oral system consists of two truiiks in each arm 
placed close together and just above the radial trunks of the 
Buperhcial system (Fig. 140, 9). Tliey innervate the inter¬ 
vertebral muscles (Fig. 140) and are continued into a circum- 
oral band in the disc. The apical nervous sj'stcm appears not 
to be represented, unless the genital nerve ring which runs in 
the wall of the aboral sinus belongs to it. The tube-feet arc 
all sensory structures, and are supplied by a brancli from the 
ambulacral nerve (Fig. 140, 4), whicl) dilates into a ganglion at 



Pio. 144.—PiAgrammatic vfrtical section through tho dbc aud odo radhu of ah Ophlurld 
(0 phi^lypha), from rciri^r, afU^r Ludwig. p<*r}5ionilal plato (lai anibularrah ; -4^- 
Und U> ambulacra) plates ; aD generative rachU ; tho Ist to the 6th vunlral 

pla^4 (ucHier arm plutc.4) ; m mn^cnUfTied ttlanionU attaching tho stonmcli to tho Ixuiy* 
wall, Br radial l>h>cxl-vcS3el; D alomach ; circuiiioral pcrjluicmal sinua ; iPll 

jvnocooidiapAal purt of portvlacural covlty ; K W body walJ: LboUy*cavily of disc : L i of arm ; 
Li Mp ; A/, IfiL muscles of tho oral skeleton ; A/L* oral angle plate ; MF and .t/f* Ilrsi 
ai\asp4»nd oral feci ; MS buccal slheld ; jV ncn*o ring ; Sr radial ncr\o ; O mouth ; oB 
circular blc^*veaa*fl; F (x'ltan vehicle : Ffi AtH^rul plmw ; rPH radial pcnhacmal canal ; 
^septum which scparatcip the perioesopliagcal sinus from th^ rest of tho perivisceral cavity ; 
T torus angularly ; W water ^vascular ring ; Wr radial water vwcl ; Z teeth. 


tl\eir b(\3e. There is no eye, but the ambulacral nerve trunk 
becorae.3 epithelial in position on the terminal tentacle. 

The general arrangement and relations of the coelom are the 
same ns in ^Vsteroids, the principal difference consisting in the 
ventral position of tlio niadreporite. 

The general body-oavity or perivisceral cavity is in relation 
with ti»e stomach in the disc and is prolonged into the arms on 
tho dorsal side of the ambulacral ossicles (Fig. 140). The portion 
in the disc is travei'sed by connet ive tissue strands (Fig. 144), 
and is divided into two parts by a septum connecting the 
oesophagus with the oral skeleton {S). A snmU perioesophageal 
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sinus {iPH) is thus cut off from the main portion. The brachial 
portion is dilated segmentally over each pair of ambulacra! 
ossicles. The walls between these dilatations or chambers 
arc imperfect and arc traversed by 'calcareous plat-cs which 
connect the ambulacral ossicles with the plates of the ambital 
skeleton. There is a streak of epithelium carrying specially 
strong cilia in the upper wall of tlie brachial continuation of 
the perivisceral coelom (Kig. 140, 18). 

The water-vascular system is almost exactly as in Asteroids. 
It consists of a circiimoral vessel sending off a prolongation along 
e;u;h arm. This givc.s off lateral branches to the tube-feet which 
however are JfdAouf aw;>»t//ac and are purely sensory in function ; 
it ends in the tcM'ininal tentacle. The fiist two pairs of tubc- 
feetarc in relation with the mouth as oral tentacles (see p. 197), 
and arc supplied hy canals wliich arise from the circuinoral 
vessel. There i.s a polian vesicle in each interrodius except that 
of the stonc-canal. In Ophiaclis virens, wliich lias several stone- 
canals, there arc not only two or three poli.an vesiclcj in each 
iiitcrradiiis, but also a number of tubular prolongations (canals of 
Simrotli) of the cireumoral vessel which encircle the intestine 
and jienetratc hetweon the generative organs. These tubes are 
suiiposed to lie re.spiratory in function, a view wliich Ls sug- 
ge.st<(l by the fact tl'-it the genital bursae are absent in this 

Sp(M-u;.s. 

'J’hc stmic-canal (Fig. 145, 2), which however is without any 
calcareous matter in its walls, passes ventralwarda to open into 
the ampulla (d), which correspomls to the whole of the axial 
HinuKof Asteroids and opens to the exterior by the pore-caaal 
(4) on the ventral surface of the disc, on one of the buccal shields 
(oral plates). The opening of the water-pore ia placed asymmet¬ 
rically on the oral plate on an edge of it adjacent to a bursal 
slit. As a rule there is only one water-pore, but in some species 
of many genera of Opliiurae {Amphiura, Ophiolepis, Ophiopocus 
Ophioncreis, Ophiocnida), and in all Aatrophytidae there are 
several pores on the buccal shield concerned. In Trichaster 
elcgans, there are five stone-canals and five water-pores, 
one in each interradius. In Ophiaclis virens, which re¬ 
produces itself by division, the stonc-canals are repeated in 
several intorradii. In these cases of repetition of the stonc- 
canuls, the young forms arc said to have only one. 
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Some or all of the corpuscles in tho water-vascular fluid of 
OphUictis vircns are coloured red with haemoglobin. 

The axial organ has the same structure as in Asteroids. It 
is found on the side of tlie stone-canal turned away from tho 
mouth (Fig. 145). It is in relation with a section of tho body 
cavity (Fig. 145, 7), which is quite unconnected ♦ with tho 
ampulla (axial sinus) and is probably tho diverticulum of tlio 
left posterior body-cavity of tlie larva which is formed in tho 
invagination of the primitive gcrm-cells (MacBride). 

The axial organ (Fig. 
145, 5) is continuous with 
tho generative rachis, 
which is contained in the 
aboral sinus (Fig. 144, PH) 
(a portion of tlie left larval 
coelom as in Astorids) and 
takes a somewhat peculiar 
course round tho disc. 
Radially it lies in tho 
aboral part of tho disc 
between the stomach cae¬ 
cum and the upiior in¬ 
tegument, whereas in each 
interradius it dips down 
between the stomach caeca 
towards the lower surface 
(Fig. 144). It has been 
suggested that this courso 
is duo to the fac t tliat. iti tlie interradii, .structures which were 
originally on tin? upper side of tlic disc havo moved on to tho 
lower ^u’.faee ; as an instaiu^e of tliis may be cited tho water- 
pore wliK'h in tli«' young form i.s dorsal, hut in all adults has 
passed on to tlie vt-ntral surfai'c. 

The periharnial .system consist.s of a circumoral canal 
wliich i.s prolonged into :t radial tube in each arm on the upper 
Hide of the nerve i-ords (i'ig.s. 144, cP/I; 140, W). There does 
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Fio. 145-—Tiid^Am o( a vorllml 8riMi»>n IhrtRiah Uiu 
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Um nxml < i^lonc- 
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* .U ' J ifixUi! *>inti5) ; 4 ; 

rl*»sM :• i wlnrh fij'jUMri li» r'’i'r«'I'nt tlic riftlit 
1 . '• ^rnl ►iuu* in u* \ ’ ; 

7 .-lU'H ' J frioi: lt»f* fr it and 

for ra’I *'l tin' ATtiil eituin , 5 uxiAl origan ; 

0 tfciiitat ri. ; 10 RonM.il L*iir-a , JI wxU vt 

stomach: t.' tnaw, /.J InU'r- 

ratii*xl riuci^; JS n* r%6 rinsj; lc*lh; 10 

nmuti*, J7 ora! euif.ioc of dlac. 


Cxionot, who ihoiiu)it tliut tho two aro in communicuti<»o, anpoars to 
lm\e U'on m rrror. His inUtako w rt>prr>ilucorl, togotlior with an orrono- 

^ 820 of tho so.'ti.-.u on Irlrhino.I.Tiua in Bronii'a Thhrreich 
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not seem to be any representative of the inner oral perihaemal 
ring of Asteroids. 

The vascular tissue seems to be arranged very much as in 
Asteroids. In some forms the radial vessels are said not to be 
present. 

Tlic generative organs. Most Ophiurids are dioecious, but 
Amphiura squamaia is hermaphrodite. The generative glands 
are simple sacs which open, in all except Opkiopus ^nAOphiactis 
virens, into the genital bursae. 

Tlie genital bursae are five pairs of sac-like invaginations of 
the interradial portions of the lower wall of the disc, and project 
into tlic body-cavity between the bulgings of the stomach. 
Tiicy open by slit-like apertures (double in Ophiura) placed one 
on eitlier side of the insertions of tlie arms into the dis'e (Fig. 
142). They have thin walls, Uned by a ciliated epithelium and 
often containing calcareous matter. The gonads are small sacs 
placed on the walla of the bun?ae and opening into them. Each 
generative sac is connected with a branch from the generative 
raohis, the course of which has been described. The aboral 
8inu.s is continued with the rachis to each gonadial sac and 
invests it as in Asteroids. The generative cells pass into the 
bursae and outwards by their slit-like apertures. In many 
Oiihiurids {Amphiura squamata and magellanica, Ophiacantha 
vtutparaand Tnarsupinlis; Ophiomyxa vivipara, etc.) the bursae 
act as brood pouches and the eggs develop in them ; but 
the principal function of the bursae seems to bo respiratory, 
water being continually drawn in and ejected by the ciliary 
currents, and in some cases by the muscular elevations and 
depressions of the dorsal surface. In Ophiactis virena the bursae 
arc abs<“iit * and the gonads open directly on the lower surface 
of the disc. They are replaced by the canals of Simroth, which 
have been already described (p. 201). 

The power of regenerating lost parts, o.g. arms, even a portion 
of the disc, is considerable, but apparently the disc cannot be 
regenerated from a single arm as in Asteroids. The brittle stars 
readily lose their arms, so that the power of regeneration is very 
important. 

Reproduction by fission through the centre of the disc has 
been observed in a few genera (e.g. Ophiactis). 

• Cu6not, Arch. Diologie, 11, 1891, p. 303. 
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Among piv.sorvecl many spccimons are found in 

wliioli the doisjil surfiico of tlic disc is absent.* Tlio significance 
of this fact is not understoi^. 

Tlie larval form is the Ophiopluteusf (p. 140). In those forms 
in wliiclx care of the brood occurs tliere is no free larva. The 
opliiopluteus may present modifications in which tlio arms are 
reduced. iSucli are OphiopJuUii^ vict^chnikofji and daparalei. 
The larvae kno^^'n as OpJiiophiteiM annulatus,X O. krohnii, O. 
ohloiujus are vermiforni, without ciliated band and without or 
witli only one skeletal rud. These larvae arc j>clagic. In¬ 
cluding the vermiform larvae al>out seventeen opliiopIuUu an* 
known, most of which an- as y(‘t unrelated to any adult. 

TJie Ophiuroidea livi* u|>(»u tlu; bottom of the sea and fei*d 


upi'Ti tlie minute organisnw and organic matter contained hi 
the surface mud, wliich they tak«* up by nxeans of the buccal 
tuhe-het. Tlicv mtivc § fairly artivc lv by means of the lateral 
llrxion <»f their arriLs. In si>nio the arms possess a power 

of vertical movciiicnl as « < ll. ( specially towards the end. When 
the arms are very long they can be movc<l in a serpentine manner. 

llio group first makes it.s appearance in the Upper Cambrian 
(Ordovician). Its affinities are witli the Asteroids, with wliich 
it i.s sometimes united under tlir superclass Stelleroidea. It 
is indeed ditficult to separate them, espeeially when the palaeo- 
7-oic goneiii [Kopfnnrn. I’nhf nmro, etc.), I’ceentiv described by 
.laekel, I! and .such a fui-m as Ashuphiura are considered. The 
principal points of difiVreneo re!at(* to the closing over of the 
nmhulacral groove (a feature \vln.-h is but slightly marked in 


in <Jar<,liii.<r'ri Mnih.-i' nnit Lfi-railii'C AV;if 

ii ' r- f '*' - (; •( • him an Aviphiura 

oft ft,., «lu.K- .I..r ...I • n.i , t i i... vNjth tho BtomacJi. 

7 AiorlorLMMi, ri(. 

Mailer .^ \. Ml.if .I-’.. larva, with seermonted body 

ji ' «l P-.Vluiu.derincn. Abh. 3, p. 20. Abh. 

Aldi. i.-vii.. IH40. 1.S48-53), and ttppur- 
\^y C.uvvo {Mem. Joh,isHophin^>, 1900). TholatU*r 
hanUo which later become roetrioted to four 

wlii.'h IQ t “ ic!4<'inh|aaco to an Antedon )ar\'a, a resemblance 

, rM r'' of the larval erpan 

mUhor IiIm-q n.‘r disc. Tl.o 

rin„- a^ it in Astcrnidl" ^ *^y *he water-vascular 

S .V.iy,/..s .1/ rr/.. is-n; p ..7 

;v: 
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the Lysopliiurae and Ophiotcresis)^ the sliarp differentiation of 
tlie arms from the disc, tlie absence from the arms of any 
prolongation of the alimentary system, and the ventral position 
of tlie madreporite. Lastly the free larva has tlie pluteus form. 
The closure of the ambulacral groove and the presence of an 
cpincMiral canal is a feature of some importance and one 
which Mm- class has in cominon with Echinoids and Holo- 

(hiii ishs 

'The ()j)hiuroidca are clividfsl iiilo four orders ; (1) tlio Lyso- 
phinm., wbirli arc ]»aljico/.oic fnrius in wliich tl)e ainhulacral 
ossicles allernato ; (2) the 'hygnphiurae (brittlc-st-ars) in which the 
systenx of dermal plates is well developed and in which the arms 
cannot bo rolled up ; (3) the Streptophiurae, whicli are also 
brittle-stars, but whicli approach in some of their characters tlie 
Chwlophiurac ; (4) the Cladophiurae (gorgon-lieads) wliich have 
a tliick integument with granular deposits without regular 
dermal plates. 


OrJor 1. LvsormoRAE. 

Tlio ainltiiliUTiil oHMii-toiS am alli'rtinlo luxl ui*u ixit uiiitoii into pairs, 
l)ut of oiicli A'Knx-iit ai'o wpai'iito. 'J'linro oro no voniral arm plates. 

All rxliiH't, Siliirinn and Devunian. Koiihium, liohcmtiru, SympUrura, 
/VmM.././, liitiuU nUicliiu, Sturl-.uni, Kwjastcr, Ptilonwfttr, Tacniura, Falaco- 

fthtHfO. 


Onior 2. Zv< 2 uriiiuRA£ (Opriitbab). Brittle-Stars. 

'rho flurfiU'OH by wliit'h the ambulacral oBsicIos of tlie arms articulate 
with one aiiotlior aro provided with procoasos and pits whicli fit into one 
atrinthor and limit iho niovoment of the ossicles upon ono another. Upper, 
under nnd latonil arm plates arc present, and the arms are incapable 
of coiling touikI straight rods. The lateral arm^platoa bear spines. 

I. With arin-spinos short, parallel to the long axis of the arms. 

Farn. 1. OphlodsrtDdtldas* With nuniorous oral pnpillne. without 
tiontal i>iipillai<\ with arm incisions on the disc. Ophioderma M. iiiui T., 
Ophioucus Ives. Ophiogona 8tud.. Pcciiriura Forbes, OphiopvzclUs bjg.. 
Ophiopinax Boll. Ophioptza IHrs.. Ophiopyren Lym. (Fig. 141). Ophioconis 
Ltk. 

Fam« 2. OphlolepidM. With 3-0 oral papillnoof which tlio innorinost 
is rarely infriulontui. w*itlioiit dental papillae, with arm incisions on tho 
disc. Ophioirochiuf Lym. ; Ophiopufpalc Ljg. ; Ophioceramui Lym. ; 
OphioiJtyrcwt Ljg. ; Ophiolepis &f. and T. ; Ophwplocwr Lym* ; Ophto^ 
zona Lym. ; Ophioptinthus Lym. ; OphioHpuM Lyin. ; Ophicrmie Lym. ; 
Ophiophyllum Lym* ; Ophiochaeta Ltk. ; OphiopUura Dan. ; Ophiopyrgus 
Lyro*; Ophiofnastus Lyra. ; Ophiomusium Lym. (Fig. 143). no tontaclo 
pores beyond the basal orm-joiote; Ophiotypa Khlr. ; Ophiura Lm. ; 
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Ophiocten Ltk. ; Oymnophiura Mrtan. British spociee : Ophiura ciliariat 
E. N. Atl., 7-100 fms. ; O. ajbida, ditto, to 250 fma., O, a^nts, ditto, 
10-102 fins. 

2. SpinAs at right angles to the arm axis. 

Fam. 3. Amphlurldae. With I to 6 oral papillae, the innermost 
often infradental. Arms inserted on the ventral side of the disc. Dental 
papillae absent. Ophiambyx Lym. ; Ophiopholie M. and T. ; Ophioatigma 
Ltk. ; Ophiochiton, Hemipholia, AmphiUpia, Ophiocnida, Ophiophragmua, 
Ophioplax^ Ophiochytra, Ophiomycea, all Lym. ; Ophiopua Ljg. ; Ophiactia 
(Fig. 142) and Ophionereia Ltk.; Amphiura and Ophiopaila Forboa; 
Paramp/ituro Khlr. ; British species : Amphiura ehiajii, to 120 fms ; 
A. filiformia, to 120 fms. ; A. eUgana, to 120 fms. Ophiactia abyaaicola, 
64 to 767 fms. ; 0. balli, to 203 fnis. OphiophoUa acuUata to 300 fms. 
Ophiacantha bidentata, 20-2,335 fms. 

Fam. 4. Ophlohelldae. Disc with scales and sharp or blimt spines, 
with tooth and oral papillae, without dental papitlao. Ophiomitraf 
Ophiclhammta, Ophiocamax, Ophiotholia, all Lym. 

Fam. 6. Ophiacanthidae. Disc covered by soft skin, which more 

or loss hides the subjacent scales ; dental papillae absent or few. Ophia^ 

caniha Jf. and T. ; O. vivipara Ljn., (i or 7 arms ; O. anomala G. O- Sars, 
6 arms. Ophiolabca, Ophiotoma, Ophiogeron, Ophioaciaama,li.ym. x Ophio- 
blcnna, Ophionema, Ophionephthya Ltk. ; Ophioerntrua Ljg. ; Ophioacatex 
M. and T. ; Ophiotrtma Klilr. Brit. sp. : Ophioacokx glacialia, 100-300 
fms., O. purpurea, 64 to 76 fins. 

Ftim. 6. Ophlocomidae. ^^■itll oral and dental papillae. OpAto- 

cymbium Lyro. ; Ophiocorna L..\g. ; Ophiarachna and Ophiomaatix 

and T. ; Ophioptrria E. Sm. ; Ophiarthrum Ttrs. British species: 
Ophiaroma nigra, to 87 fms. 

Fani. 7. Ophlotrichldas. With 8-10 dontnl papillae, without oral 

papiUdo. (^ihioptcron and Ophiotrichoidea Luilw. ; Ophiothrxx ond 
Ophiocnemia RI. and T. ; Ophiocampaia Dune. ; Ophintnaza ond Ophio- 
p^ommium Lym. ; Ophiotliela Verr. ; Ophiogymna Ljg. ; Lxictkcnia, 
Oymnclophua, OphioaeOkiopa, Ophioapltaera Brock. Brit. sp. : Ophiothrix 
fragdia, to 62 fma. 


Order 3. STnKPTorKnTBAB. Astrophyton-tike Ophiiiroo. 

The ambulacra! ossicles nrtirulnte with one another by means of a 

more or loss simple bull-and-sockot joint, and the arms can ho moved 

jn a vertical direction and he coded towards the mouth. Upper, under, 

|vnd side plates are more or less regularly developed ; tho side piatoa 
Ix'unng epinod. 

Fam. I. Ophlomyxidae. With 3-7 oral popillao, without toeth. 

Amu. covered with soft skin. NtopUix. Bell ; Ophiolercaia Bell, no under 

^rn-plat^ ; Ophtobyraa, Ophiochondrua, Siyaheia and Ophiohrachion 

Lyn^. ; Ophxomyza M. luid T. ; Hcmicuryule Mortons ; Asirophis A* M. 
Jbdw.; Ophichthts. 

I? extinct fjuniliea come hero, viz., Ophiurinidae. Lapworthldae. 

yj? !' Eucladlidae. Tho Eucladiidao from tho 

middle bihirmnof England have short arms, and a ventral mudroporito. 
-.u )i arm has ^ or 3 arm-liko branehes ; these are tubo-feot with a flexible 
nanuto spiny scales. Eucladia H. Woodword, Euthemon 
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FIO. l46.^TricUMtr 
( 4 fUr Ludwig). 


Order 4* Cladofhtubab (Euryalab). 

Gorgoa-heads. 

The ambulacrttl ossicles articulate with one 
another by moans of hour glass-shaped surfaces 
and are covered by granular deposits in the 
thick integument. The arms may be simple or 
branched repeatedly. They can be moved 
in the vertical plane and coiled towards 
the mouth. There are no spines on the 
sides of the arms. Most of those with un* 
branched arms have a mouth-shield at the inner 
angle of each lower interbrachial spaco, one of 
which serves as the madroporite. Those with 
branchcKl arms have often no mouth-sliields, and 
the madreporiteSj sometimes single^ sometimes 
five in number, are found in various regions of 
the lower interbrachial spaces. Pedicellana-Uke 
processes ore sometimes present. 

Fain. 1. Astrophytidae. With simple arms. 

Astrotoma Lym.* ; Astronyz M. andT.* ; Astro- 
cheU VU.* ; Asirogomphus Lym.f ; Astroporpa . t.i ^ ^ ^ 

Ornt. and Ltk.f; Ophiocreas Lym-t; Astrochema Oeret. and Ltk.^; Astro- 
csras Lym.t. Brit. sp. : Astronyx Icveni to 360 fins. . 

Farn. 2. Trie haste *Idae. The arms branch a few times near their free 

ends. TrichasUr L. Ag. (Fig. 140); 
Aelrocton Lym.; Astrocnida Lym. 

Fam. 3. EqryaUdae. The 
arms branch much and from 
near their base. Euryale Lmk.; 
Qorgonoctphalu0 Loach (Fig. 
147 ); Asirophyten Linok. Brit. 
Bp. : Oorgonocephalus lincki and 
eucrumis. 

The genus Astrophiura Sladon 
though undoubtedly on Ophi- 
uran piesenia some Asteroid 
features. The family AstrophlQ- 
ridae has been created for its 
reception. The disc is penta¬ 
gonal and the greater part of 
the arms are included in it. Tlie 
free portion of the arms is short, 
reduced and without tubo-feet. 
There are no teeth and tlie bue*^ 
cal armature is simple and im* 
perfect. Under arm-plates are 
present and the cavities for the 
retracted feet are spacious. Tlie 
madrepoiite appears to be ven¬ 
tral. Madagascar and the 
neighbouring islands. 



no. 


]47.^Toung Oor^onoespMus agssHsi, 
■ vie * " " 


ventral view (aft«r Lymsn). 


^ Disc large. 

f Disc moderate (about one-tenth of length of arms). 


{ Disc small. 
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Class ECHINOIDEA * 

Spherical, oi'ul, or di^coida! Echinoderms with a shell composed 
of calaircoiis pUitrji usually closely fitting and carrying movable 
spines. The mouth is on the under surface, and the anus either 
within the apical system or between the apieal system and the mouth. 
The five ambulacra are ifulieated by roirs of }x>rcs and usually 
extend almod to tlw. nhoral qxdc. There are typically five inler- 
radial gonads. 


The bofiy of an Euliinoid is typically splicrical, but is often 
hoart-siiapcLi, oval, or llattenod. There are no arm-like pro- 
loiii 4 :-li>'tis, hut tlu'ie is a fivo-ray(*tl symmclry in the build of 
the I'orly as is sliown by the disjjosilion of the water-vascular, 
nervous atul oilier systems of organs. Tlie dermal skeletal 
plate.", wliieh are pentagonal or lu'xagonal in shape, are coii- 
ne'''teil ii>L'etlu'r so as to form, \\iili rare cxeeptions (Kchino- 
tliuiidiio, Mhieli see, and certain ralai'cehiinudea, plates of 
}iii-t<iior uuhiihnriim of some i^pataneid.s. perKloinial jilates 
of I i |.i [•< 111 I), ii liiTU ini mo va hie slohl i uj, tin 11 "t or shell. The 
/iioiilli IS <>ii the* lower surface f>f tlje bodv. eeiierallv in the 
f*Mif ii\ iii J -f •nu'l inu'S t * )WiU*iis \s h.i l is ralh'd t lio 

anw M I t I i| : f»io apical Hystvui is on \\\c iipjMT s\irfaco ai>d 
: • 4 t( Ih ’ V. itliin it {IC)iiiuCf/r{{ro) or out.si(k‘ it 


P' ' o/ (he Iirhitn\ rjinil»ri<l*jo U.S.A., lH7‘J-4. 

>n « fi Int itli in r I'^Sl. Id. Paninni" dtop* 

1. W, \/ /fttrt'oni , Ml, Cotluati, 

ir .. 7. iK I'jiri i iSiiZ 7*'- P. Mnrtiii Diiiu'an, 

A iY'\ is, * 1 ) if (!> • c n« r»i Hiiii of fit*' K<4dnoidi*u. %lourn, L,inuran 

J.5, ISM I V siir Iv^ KcluiiOidoM, Komjl, Svcfu^kit 

i If n 1 II. Is7*2: a tnin.Hlutiun in •l/oi. 

iifi\} M>: f. .\tr/. HiAfftri/ ( |), 10^ IK72. 1.‘. J*’. and i\ It. d. Ariiit. 

d. Ill lufj •lln ir i<lt fi otc. I^rtjthni^fi^c \at. Porschufigen (*e\v/on, I, IKHH, 
Jd., . dor DincloniatiiKin. iV.jV/. I, 1HH7. J. MiiHor» L. 

<). llunumii. D' lnf.o Op, cit. IViniljo, Kocliort ho-s Hur lo Dorocidari>< 
finpiUnfa, etc., Arch. Zoal. Exp. et tjen, (2), iSsH, p, 213. O. Hamaiiin 
Killin'»ifIoa in Rronn a Ihicrrcicl^, P.fl)l P»»no. Th. MortoiiHun, Ecliinoiden 
(Pf I 1 . in iUi* DttniMh /}tijo{f*^fCx/ic<{/fi*»n, 1. vtd. 4, 1003. F. Ix^ipoldt, OoiS 
)io E.xi'n>tion^-t>r^jun iltT Z./.u\Z.. Ho, p. G85. 

h. on 1'oiirtulosia. A". SvenAfen \*tt. At:ail. Hand!. 19, IHS4. Id., 

±'i hin'doj^irft, Sve/iAkn Ahid. For/id/., 13, 1887. Id., EohinolopcQ, 
Adi. .'^•rcfiAka I et. Akad. Handl.^ IS, IS'MJ. ll. 'Dii't'd, On tho do\idopmont of 
Erh: n>»rffiirnuA pu^'tluA, Sttva Acta /?. Soc, Sri. i'/mffa, IK92. .Id,, l*n*I. 

iit« . ol llioilovol, of Echinus tniliariA^ liih. Sve HAka Aka 1. ///in'//., tJS. HMrJ. 
E. \\ - MacDiide, Dtjv. of EchiiiuB uifulnntns otc., Phil. 2'ran^.^ 1UU3, 
p. 2s0. 
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When the anus is outside the apical system, it always lies in 
what is called the posterior interradius (V. I). The outline of 
an Bclunoid shell when viewed from the*apical pole is called the 
ambitus. The plates of the skeleton are covered by the ciliated 
epidermis and lie entirely superficial to the nervous and water- 
vascular systems; they are perforated by apertures for the 
passage of the tube-feet, and bear prominences and tubercles 
to which the variously shaped spines are movably articulated. 
The apical system is very limited in extent and takes up the 
whole of the abambulacral surface of the body (Fig. 149). The 




Fio. 148.—Test of a young regular aea-urchlo Stron2tfUMntrotu$ drot^ichUnH* (from Claus). 

a from ilto aboral eWo; 6 from the oral eUle. PR ^ Si 

periatomlal membrano conUltis the foouth with 8 teeth lo the centre and 6 pair* of plates 
p^ormt^ by ports for the oral tube* feet. 


madreporite is on the upper surface and is one of the apical 
plates, generally the basal of what is called the riglit anterior 
interradius (II, III). For purposes of description, there may be 
said to bo two principal kinds of Echinoids, the regular forms, 
in which the body is more or less spherical and the anus is within 
tlie apical system (Endocyclica, Regularia), and the irregular 
forms, in which tlie body is oval, or heart-shapai, and more or 
less flattened in the principal axis, and in which the anus is 
outside the apical system in the posterior interambulacrum 
(Ectocyclica, Irregularia). The test consists of the plates of 
(1) the apical system, and (2) the corona or rest of the shell; 

Z—III ^ 
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to these may be added the peristoinial ]>lates, i.e. the plates in 
the perifltomial membrane in tlic middle of wiiioli ti»e mouth is 
placed (Fig. 148 b). 

In the regular forms or Endocyclica (Diadematoida, Cidaroida, 
most Palaeechinoidca), the apical system (Fig. 149) consists of 
(1) the periproct area containing a number of small plates, the 
periproct plates, amongst wliicli, towards the right i)03tcnor 

radius (No. I) or in- 
t< rradius (I. 11) lies 
iiic avua (a)i) ; (2) 

the live in 1 madially 
placed 

which uio usually per¬ 
forated each by a 
genital opening (go), 
and one of which (m) 
is perforat^'d by the 
water - i)ore3 of the 
madreporite. With 
tliis system, thougli 
not belonging to it, 
mn.st be mentioned 
the live radially placed 
(■cailar plates (radials) 
whi« h ai'c perforated 
for the small terminal 
tentacles of thr ualer-vascular sy.stcni ; tliose plates arc really 
the lerniinals ami heUmg to the amhulacral surface. Sonic or 
all rif i)n- radials niny he u<'dgfd in betaeen the basals and 
Jts.sif-t in forming the houndar\’ of (he periproct. 


FM. !4d. - Aplr^l {>! yOilQ^ S(r.>rt '(iu dn 

harAu7nri< (fniiii LAfitf, ivfu*r J.ovful. an dun- 
tJin r'vrinrfK't ; j/rj RotMt.il **t\ iUv h»s.il 

<ir ceiiitAl fd »l'. (rUht aut**rjMr 

lia^) . r nwiial 


Ot'oivsiouully. a Hpef iilc or individual churaf tt-r, inort' tliori ono 
genital oiKiiin^; prv.ml on vnrli g'l nitul 1 hiiM two purvi^ )uivo 

boon fuuml in r,,{.-iris pcrorjiala. Arbacia puitctulutu., etc., tivo cm tlio 
rundroponto of hchimui cu'>Uu.s. In hhorf. iiro.inp both nnd rfcont 

Hp^fios lh<>T.' ^ lino Miriubility ui tliiji olmraitcT.* 

3ji the i»[ .Sahyiiid i' the oentn* nf tlio opi.-jil 3 }'>!oini,s ocoiipied 

by o .(rural, nr, ono ei.ln ..f whi, h. in llu- liglit p..=iteno'r intomidiuri. tho 
anus 16 pjdcod. TJiis ron.Hliim ro[)oatcil in most young son urchins 
(Fig. 150), but in tulull.s a iiumbor of snitill plutos—the periproct or 


• In tho cretocoous and U-rtinry penus Ooniom/l 7 us (.\rbaciidae) tho 
genital openings are outside the apical a>-8tom. 
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anal plates are added and the central becomes indistin^iinhable. The 
anus is always excontric, being displaced towards the right posterior 
intorradius (as in Asterids). 

The test or cofona consists of ten double meridional rows of 

•. 

plates passing round from the apical to the oral pole (Fig. 148). 
Five of these double rows are 
radial in position and constitute 
the ambulacra, while five are in- 
terradial and are called the inter- 
ambulacral plates. 

This Btatomont is true of all Euechi- 
t^idcQ,* In the Palaecchinoidea, how* 
over, the number of rows of plates in the 
intorambuluera is either one {Boihrioci- 
dari^) or more than two (from 3 to ll)* 

Tlte plates are pentagonal in 
form and are so placed that the 
ntedian suture between the two 
rows of an ambulacrum is zigzag 
(Fig. 148), while the suture sepa¬ 
rating an ambulacrum from an 
intorainbnlacrum is straight. Each plate of an ambulacrum 
is perforated by two pores, called double 'pores or pore-pairs ; 
tlio.sc are placed on the side next the adjacent inter- 
ambulacrum and give exit to the two tubes which paas from 
each ampulla inside to cacli projecting tube-foot outside (Fig. 
160). Wlien there arc more than one double pore upon an 
amhulacral plate, as often happens, tlio j)late is composite and 
consists of as many plates, fused together, as there are double 
pores upon it (Fig. 151). 

Whont ho ambulacnil plates are compound, the word primary f in applied 
to a conjponont which roochos right across from the ambulucm-intor- 
iimhulacral suture (outer suture) to the inechan suture botwoon the two 
rows of ombulucrul f>loU5a ; occludsd to a plato which reaches the median, 
but not the outer suture; isolated to a componont cut off from both 
sutures; demlplate to a component which roaches the outer, but not the 
(riodian suture. 

The growth of the sholl is offectod partly by increoao in size of the 
plutoH already present and partly by the addition of new plates just out- 

• Except the cretaceun genus Tetracidarie, in which there are four rows 

uf interambulocruj plates. ^ i 

f 'riio word primary ia sometimes used for the component elements 

of a composite plato. 


tv 





Fid. 150 .—Apiml of a ^oung 

£ehinu$ (from Dclago. After Jx)vOfO. 
An aau-h; r centml ; ono of fho 
genital plate?*. 1. to V. Indicates tlic 
cnunu*ratioD of the radii adof^ted Id 
thift w<»rk. Ttic anus Is rhifled to* 
liitcrmdiiid No. I. II.. and tho 
niudrc]>oriie U on the b&sal of Inter* 
radius No. II. 11!. 
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sido the apical Bystom. The ainbtilacral plates 80 formed are biporoua 
and of similar size and shape. In many forms they retain these characters, 
and the ambulacral plates are simple and biporous. In other cases they 
soon become unequal in size and fused together-to form compound plates, 
in which there are t wo, three or more pairs of pores. The growth of the 
ambulacra and interambulacra are quite independent of one another. 
According to Lov6n the peristoraial plates of the Cidaridae are detached 
successively from the corona and are formed in the same manner, but 
earlier, os are the other plates of the corona. 

The plates of the ambulacrum next tlie peristome are called 
the marginal ambulacral plates. Apically an ambulacrum ends 
in one of the ocular (radial) plates. 

In the interambulacra the plates are not 
perforate nor composite. Apically an inter¬ 
ambulacrum abuts upon a genital (basal) 
plate, and the plates next the peristome 
are called the marginal intcrambvXacral 
plates. The peristomial margin is often 
inci.scd, i.e. there is a notch between the 
two peristoraial plates of each interam¬ 
bulacrum ; the.se notches are for tlie passage 
of the external gills (see p. 231). 

The pi'ristomial membrane always con¬ 
tains a number of calcareous bodies, but 
tliose in tlie Sjmtangoids and Clypeaatroids 
arc not perforated and have nothing to do 
\sitli tlie ambulacral and interambulacral 
scries c>f plates. In the Cidaroida, however, 
botli tbc ambulacral and interambulacral 
plates are continued on to the peristome, 
and are llexildy joined together b}' mem- 
braric. In the Oiadematoida it contains (except in the Echino- 
tliurida(‘. in wliich the ambulaernl series of plates is continued 
up to the month) five pairs of perforated ambulacral plates 
(Fig. 148), which carry tiie bucc.il tentacles (see p. 233). 

In the irregular forms or Exocyclica (Holectypoida, Clyjieas- 
troida, Spatangoida) the anus and periproct are not contained 
within the apical ayslem wliich keeps its position at the upper 
pole, but lie at some point in tlie posterior interradius, cither 
on the upper surface of the shell or at the ambitus or on the 
lower surface (Figs. 162, 153). The Holectypoida alone retain 
the spherical and rodiatcly symmetrical form. In the other 



Fm. 151.—Vliird a ml; III A* 
cniia ft young 67r in /t* 
lifoehichirn^i f 
of 3 twnt. ((nun 
ftUor Lov/^ni. Op nidml 
pluU* ; P f*riniary pUir 
and doul'lf p^'^re: b'p 
iuT Up* 

aro 

couip^mn.l and thu 
ur^i arc vialhlo. 
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ExooycUca the sheU is flattened and the ambitus is oval, or 
roughly pentagonal (Fig. 162) or heart-shaped (Fig. 153). In 
these forms the body is lengtliened in the antero-posterior axis,* 
and a distinct bilateral symmetry is apparent; but as in other 
similar cases amongst Echinoderms this symmetry is delusive, 
for, when it is closely examined, it is found to be almost entirely 
confined to the shape of the animal and not to affect the arrange¬ 


ment of the organs. 

In these bilateral forms, the moutfi may remain central or 
nearly so (Clypeastroida, Fig. 162), or it may shift towards the 


anterior edge of the shell 
in the direction of the 
anterior radius (Spatan- 
goida, Fig. 163 ; in the 
Pourtalesiidao it actu¬ 
ally is at the front end 
on the ambitus). The 
apical system also, 
though it remains more 
or less in the centre of 
the upper surface, may 
shift in front of or be¬ 
hind the central point. 
It thus comes about, as 
a glance at the figures 



will show, that the radii 
and interradii are no 
longer sunilar : they 
differ in length accord¬ 
ing to the position of 


Flo. 162 .— ClyituUr roi2r<n$ Iroin the AlK»ral slilo 
(from CUun). The \y\fKX»' u in Da* coni ro 

ood U surrounded by flvo u niUil p »rcd niid h> 
6*lesTed rosette. Tho anterior rAdlus li* directed uj*' 
wardi, and the posterior iDtcrradlus downward. At 
tho side Is the portion of the oral Kurfaco 

showing the central mouth O, and tlic auus A in tho 
posterior ioterrmdJuj. 


the moutli and apical system, as well as in other particulars 


to be shortly noticed. 

In Palaecchinoids, Cidaroids, Diadematoids, most Holec- 


typoids and some Spatangoids, tho ambulacra are similar 
throughout their whole course. In Clypeastroida and in most 
Spatangoids, however, the ambulacral plates present a peculiar 
modification, described as petaloid, on the upper surface. This 


* The anterO'T>o8t«rior axis ia tho axis passing through the rodiua 
(No. Ill) to ttio left of the inadroporite whicJi is called the ajiterior radius, 
and through the iuterradius opposite to tills, tlio posterior intorradiua 

(No. V. I), 
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conaists in the fact that the ambulacral plates near tlie apex are 
narrow, that they gradually become wider as they recede from 
the apex, and then again become narrow as the ambitus is 
approached (Figs. 152, 153). The pores of a pair, which are 
placed near the outer sides of the plates and are connect^ by 
grooves {yoked pores), accentuate this peculiarity and assist in 
giving each row of ambulacral plates, in its part next the apex, 
tlie appearance of a lanceolate leaf ; hence the term petaloui 
which is applied to ambulacra modified in this way. In the 



At' 

[ 7 i,i 153 —Tfflt o( AH irregular iirrhln o| IhA SpAUngul group, Jjrisjfoptis lyri/^ra Mroni 

ri lu?). a from tlr Ah<«rAl; b .. Uie oml la a Ihe four coiufaJ are showni 

p isUnor fK>rc b-iua abnaU, tUo ma<lrcporiU la Ibo po»U*fii.f laUsm liu^. in 
tlifuiiUd <\ ; tbo aiitorior Ambularrum baA notun'lcr*?i tm Iho polamHl ukmJIU* 

Lattnij. lb b llio ir.iiwvcfdeJy olongated iDoulh near the front Ihcr thno -'hr’rC ambu* 
lacra of Iho trlvuiiu utul Itio Ions Ambulacra of tho blvium art -liowti, also IJw fart tliat Uio 
Vcrl^loniial plai» of the Inter ambulacra are 


Clypcii^Uoida (Fig. 152) all the ambulacra present this inodifica- 
ti'iu and eonstihite a fivc-lcaved rosette, wlicreas in most 
Spatungoids, the niodilication is }>resent, it is confined to 

four amhulai.Tu (Fig. 103). the anterior ambulacrum not sharing 
in it and being dilTercnt fiorn tlie rest. The tube-feet issuing 
from the yoked pores arc said to be respiratory * in function. 


• Tbia iho viuw of J. Mullor* It ia bnwoil no iloubt upon the doublo 
connexiMii of thn foot and its ainjiulla (p. * 2 ^' 2 ). liuismuch os tho waU^r- 
vftdcular system is not di>tributod to tfio inlonuil i^r^utLS one! thon'foro 
rannot directly Utof any use ia Hupplying (hum with oxygon, it is perhaptJ 
j>onniasibl 0 to question whether thofto potaloid ft.*ct ore C‘»rrtHtly doscrilxxi 
iLs ri^spirato^y. It is possiiblu that they ruay huvo soiuo quite different 
fimctioc, o.g. that of aeiisation. 
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In the Spatangoids wliich have petals, tlio ambulaeral plates 
beyond the petaloid areas arc large and the pores consequently 
at some distance apart (Fig. 1536). Moreover there is a tendency 
in some species for the port's of a pair to coalesce into one, so 
that some or all of them arc or ap[»car to be single. 

In the Clypeastroids there 
arc two kinds of pores : (1) 
tlio yoked pores of the 
petaloid areas which trans* 
mit the large resj)ii'atory 
feet, and (2) the niimitc 
pores which are single, 
though by their elongated 
form they may show signs 
of being double, and which 
tre^nsmit the lo(;onu)tive feet 
(sec p. 233). The latter 
alone are found oji the lower 
surface of the slid! (Kig. 

155) where they occur on 
lli(‘ intcruiubulacral ns well 
as on the ainbulacral jilatcs. 

On the uj)pcr side of the 
shell they are confined 
(alino.st entirely) to the anihulacral plates, and in the petaloid 
arcuK to those portions of the anihulacral plates which intervene 
hetweeu the two rows of yoked pores (Fig. 154). 


rM- 154.-—ultic nf t>io anterior radhii* of 
rutti;lanti4 t*howlnff tho nr* 

ol tlio (daii*;) aiul (he 
of (fir |(K:i»iJiotivo (lorci iu tho rr^ioii of 

tho part of tho ainbuUcruni 

(after J. Muller). 


'I’Ihto lire two arrjinyonujfit of tlio miiuito pores. In most 

(1> |K ii«troi«lH {Cly/ftoMif r, Arachnoidcs, MouHnia, Seufclfina, 

l>hinocyrtjnu9, Fihularia, ol'C.) iUo poren and foot nro diRtril>iitod over tlio 
wliolo Huifiicoof tho atiibuliitTu nnd in some gotiera cxUn)d» on tho lov^’or 
surfuro o| thn on to tho intorpunhiilacra aa well ; in hucIi 

iroids tho Jiiinulo pores wito described by Johnn. Miillor tin oci'iirring ffi 
pors-areas. In the ScnU^liiduo, on tho other Smnd, the niinnto fihfCi 
appt'ur to U^iKoiionilly olMont in tho petaloid areas (except in Fch{nc'f*;^c¥\ 
fitus and Arachnoides) and on t ho lower surface of the nholl aro arnn 
along grooves which may brniicli considerably and exu^nd on to the 
interarnbularrul plates (Fig. 157). Sornetinies tla^so grooves extend on 
to the up|>cr surfaces but us u general rule they are conilnod to the lower 
surfueo of tho sheU. Those brutiehing tracts of small pores wore called 
by Johannes Muller, their. diHeovoror, pors^fasclae* Bronchos of the 
rodiul vesHol follow them intomolly and are connected with tho stnpuliao 
of the tubo'foot wliich issue from the pores. Similarly in the case of the 
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Fio 165 —Radial vessel from the lower part ol eo 
ambulacrum ol Cl^JMsUr ptacunariuM (after J. 
MUller^. o ambulacral canal; b lateral braacnoa 
of the same: c pores; d aropullao. 


pore-areas the lateral brand,os of the radial canal arc lonR and connoctod 
with a number of ampullae and tube-feet (Fig. 155) ; m the potalmd 
areas the branches which supply the respiratory tube-foot of tl»o 
pores supply the locomotive feet os weU (Fig. 150). In the potalo.d regions 
^ ^ the minute pores are nrrangwl 

in rows and oitlior perforate 
vJJfc. the plates or lie olong the 

sutures (the yoked pores l>c- 
ing between the plates), while 
beyond the petals the distri¬ 
bution is irregular. The 
small pores increase in num¬ 
ber with ago. 

In some genera with dif¬ 
fused poro-arons (e.g. Arach- 
noi'des) there are grooves (not 
branched) on the lower side 
of the shell ; they ore, how¬ 
ever, without pores. It is no 
doubt the presence of these 
grooves which hoe lo«l systein- 
atists to place with the Sculellidae. In many Clypoastroids the 

ambulacral plates have small internally proiocting processes, winch may 
unite with one another to form a kind of internal shell separating a mucli 
broken up space, in which tho water-vascular canals and the ampulUM) ot 
the minute feet Ho. from tho general cavity of tho shell. The pota oid 
ambulacral plates aro often sunk below the level of tho rest of tho tost 
and may servo os brood-cavities or m&rsupia, for tho young. 

In tho Coesidululoe, the lower ends of tho ambulacra dilate into petals 
with crowded tube-feet, arranged round tho peristome. Those ponstnmial 
resettes aro called phylloiles 'Fig. 173). Tho interradial marginal plates 
of the pori^toine be- 
twooii the plivllodea 
are RUghtly pro¬ 
tuberant, and tho 
whole figuro—inter- 
nuiial protuberances 
and phyllodos — is 
called tho floscello. 

In tho Exocyclica 
neither tho ombula- 
cral nor the intoram- 
buiac.*al platoa are 
contmuod on to the 

|X>riet<^mial Kto. 166.—Ambulicrml pUt« aa<l Te»el from tho nctalold rculon 

bruDO, and m the ClfTMtUr plaeunAnu4 (after J, MQllor). a nullfti 

ClvDeaetroids and vcd^el; 6iU Utoml branches; d sinpullAO of loconioU>p feel, 
^ . • j *1 ^ the flac notes of which uro shown In the upper part ol the flgur©, 

Spatongoids tlio in- ^ ^pullmo ol nmtulacml gUls. 

teramb ill acral part 

of the periatomo ia usually constituted of a single plate only. 

In the Spatangoida, in which tho mouth is in front, the posterior inter** 
radius is long. The part of it on the lower surface is often protuberant and 
called tho plastron* In those Spatangoida with a tranfiversoly olongoted 
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moiitfi tho mar|:;ina1 ploto of tho posterior ambulacrum is wide a: .* pro- 
je<?ting and eulloil tlio labrum (Pig. 1(13). Ti»o interambulacral plates 
(or plate) noxt to tbo Iiihrum is called the Sternum («0. and the next tho 
epistomum (ep). When, a.s happens in most Clypoastroids, tho fi\o 
interambulacral poristoinial plates aro cut off from the rest of tho intor- 
arnlailacral by tho widening out of the peristomial end of the ambulocral 
plates, tho intorambuiacra are said to bo interrupted. 

In tho Scutollidao a family of Clypciustroids. tho margin of the flattened 
test may l>o l<»l>od, or hu iso<l aV tho edge. These incisions are some¬ 
times included in tlio sIkjII, in wliich they constitute perforations called 
lunulae. Iho incisions whi<-h' fornio<l during growth, tho margin being 
at first entiro, jiiay Ik) very numerous (Hotula), oi- few. The lunulae aro 
always radial, oxcopting ono which occurs in tho posterior intorradius. 



Fid. l67.~SeuUUa I.arok. Borlosux (ftflor a from bolow • 

t from Klir>vc: « Boclion. Natural alio. ’ 


The apical system of tlio Exocyclica is much modified. There 
is a frequent tendency for tho genital opening of the posterior 
interradius to disappear, and in many Spatangoids the posterior 
basal plate is also absent. Tho anal area is occupied either by 
an extension of tbo riglit anterior basal with iU madreporitio 
pores (elhmophract condition, Holectypue), or tho central is said 
to persist and to fuse with the right anterior basal and posterior 
basal, the plate so formed being perforated by madreporitio 
poree (ethmolynan condition, many Spatangoids, Fig. 160), or 
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the radial and basal plates all fuse to form a single plate at 
the apical pole on which the madreporitio pores are distri¬ 
buted with very 
various arrange¬ 
ment (Clypcast- 
roids, Fig. 169). 
Further, the mad- 
reporitic pores, 
though t)rpically 
connected with 
the right anterior 
basal, often ex¬ 
tend beyond it on 
to the 

basal (Fig. 160) or 
even on to all the 
basals, and in rare 
coses beyond the 
apical system on the adjacent intorambulacral plates. 

Lastly in some Clypeastroids the genital openings arc found 
beyond the apical system. In Clypeaster itself (Fig. 159) they 
lie at some little distance from the basals in the interambulacra, 
and sometimes they are found be¬ 
tween the basals and the first inter- 
ambulacral plates. 

It would ap{> 0 Ar that tho oasociatton of 
tho genital and woter poree with the basal 
piatod IS not noceasarily a fundamental fea¬ 
ture of Echinoid anatomy* In the case of 
the genital poros tliis aaeociatioD is im* 
doubto<ily not an essential feature, for not 
only are these poros in some forms dis¬ 
sociated from tho basals, as we have just 
seen, but in the young of all forms which 
have l>ren rxaiainod tho basals arc not so 
perforate<l. Tho water-pore likewise is some- 
timoe dissociated from the basals in tho 
adult, and in development appears before 
tliom. S. Lov4d* puts tho matter in this 
way. “ The modreporito is not on inU'gral 
part of the calycinal system, but an extra¬ 
neous occcesory, and there exists no such thing as a madreporio plate.*’ 

In most Holectypoida tho genital aperture of the posterior basal is 


itr 





FtO. 100.—Ai>ical AytkUm stidaS- 
Iscfint partH ot younic 

f 'u# purpurfu$ Kn owing ethnio- 
yslAD ccndUlon (tnun DslAge 
8it«r Luv6n). r radlsU ; 6 
bsiAlii: mdp plat« with msdfs- 
poriClc f>orGS termed by fusion 
of right Anterior ttossh coDtral 
pUte. And posterior bAssI ; 
gte genital pore; I-F rsdU 
numbered. 




posterior 





FtO. 160,— ClypeasUr rx>$at4\u L. apical ayslem and Adjacent 
parte (from ucUge after Lot£o). The rodlaU and boAsU are 
fused to form the single piste pa covered with poree. at the 
apical pole, and the genital openings gix lisvo shifted into 
tne Inters mbulacra. l-V ambulacra numbered. 


• Monograph on PourtaUsia, loc. cit., p. 70. 
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absent, and in Pygaater the posterior 
itself is al^ent. In the Clypea* 
stroids there are usually five genital 
openings, but sometimes that of the 
posterior interradius is absent. In 

Spatangoids there are never more than 
four genital openings, that of the pos¬ 
terior interra^us being absent. In 

many of the geologically older forma 
the corresponding basal has also dis^>- 
peared, but it ia present in most recent 
and living Spatangoida (p. 217), though 
without a genitel opening. In some 
Spatangoida the genital opening of the 
right anterior basal is also absent, and 

som etimes 


r 



. itv 



no. lar—Ap^s> pt 
OoOfHtaa Xamk. 

(trom Lane aftar Lorto). 
iiig ambolMB fiom- 

bmwA: m, b ite cor^ 
vpoodlu rowi of ftinlMu** 
cr» (too Lorte'o 

low)s 


Fio. 161.—Apical iystsm and adjaoeni 
parta of HoiatUr svborMcuiarU Dor. 
(after Lovto, from Lsna). m madro- 
poritic bull; f radials; b baa^; 
o ra^oi V; 2 and 6 tod sod 6th 
Interradlui. 


that of the 
left anterior 
as well, so 
that only two 
genital open¬ 
ings are left. 

In some Spatangoids the apical system pre¬ 
sents still more curious variations, ibe typical 
arrangement which is found in the Endocyclioa 
and in the Exocyclica described above, and in 
which the plates are all grouped round a centre, 
ia called compact. But in certain Spatangoida 
it may be slongatsd, Le. the plates cue arranged 
in two rows extending in an antero-posterior 
direction (Fig. 161). As a result of this the 
rays of the trivium are removed by a consider¬ 
able interval from those of the bivium. This 
modification is carried still further in the Colly- 
ritldae, in which the radials of tho bivium are 
separated, by the jimction of tho plates of the 
right and left posterior interradii, from the 
rest of the apical system (vie. 3 radials and 
4 bosals, the posterior basal being absent). 
Such an apical system ia said to be dltjanet 
(Fig. 162). 

Lovdn’s law. In the preceding description of 
tho Eohinoid shell, a certain enumeration of the 
radii orientation of the shell bss been 

adopted. One of the radii has been called ante¬ 
rior, and one of the interradii posterior, while Uts 
three anterior have been spoken of as the triviuaa, 
and the two posterior as the bivium. When tibt 
madreporite is distinct, this orientation can be 
easily determined; the anterior radius bsAy 
that to the left of the madreporitio b asal (Figo. 
148,161). The orientation is alao easy when the 
anus ia outside the ^>ical system, bscause it 
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always lies in the posterior interrodiuB. But in other cases, in which 
these marks are not so distinct or are not available, the orientation can 
bs determined, as well as coniirmed in the preceding cases, by certain 



In i V ^ '‘“Wt'cred: 1 to 5 t»io Intornidlt numbcrctl. 

peristome aro nutnborod to show i>irro- 

'r .ri. “? 


peculiarly of a ve^ remarkable character in the periatomial ambulacrol 
of ^ Tliese p^uh^tiee were discovered by Loven. and ti e statement 
of t^m Levin’s law. In oil Echinoids. except some Pour- 

talssndao. the ambulacrol plates which border the peristome of the Uvium 
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oro, with regard to their size or pores, symmetrical with ea<^ other, while 
the corresponding plates of the trivium are not symmetrical. ^ To parti¬ 
cularize further lot us take the case of Spatangoids (Fig. 163): if the shell 
bo viewed from the oral polo and the trivium be directed forward and the 
bivium backward and the radii be numbered according to the plan used above 
forEchinouls,viz.in6Ucha way that the right bivial radius (to the left of 
vho observer in this view which is ventral) be numbered I oi^ the left 
biviol radius V, the other radii being numbered II, III, and IV, and >f 
further the two rows of plates (Fig. 1G3) in each radius bo called a and 6. 
in such a way that row a in radius 1 is the row next the postenor interradius. 
and so on all the way round, so that in radius V the row next the posterior 
interradius is row 6, then it is found that the ambulacrnl morginal plates 
la II o. III 6, IV o, V 6 possess two pores and are larger than the others, 
viz*. I 6, II 6, III a, IV 6, V o, which also only possess one pore. Further 
it will bo observed that the ambulacral marginal platos of the bivial radii, 
viz. I and V, aro symmetrical with oach other, while the corrMponding 
plates in the lateral radii of the trivium, II and IV, are asymmetrical. This 
law, namely t)mt the marginal nmbulocral plates of radii I and V, are 
syniraotrical with oach other, while those of radii II and IV ore asym¬ 
metrical holds for most Echinoideo. _ 

In the rogulor forms, o.g. Strongyloctntroiua droebachitnex* (Fig. Ib4), 
the same low is followed, the difference in the morginal ambulacral plates 
consisting in their size end in the number of primary plates of wluch they 


uro cornpoBod. j * au 

In Clypoaatroidfl Lov6n’8 law is foUowed only with regard to the size 

of the plates, and not with regard to the poroe. and in wme pnera its 

ivppUcation is very difficult to make out. In the Pourtalesndae it does not 

bold at all for the majority of the species, the constitutip of 

in this family being different from that of other Echmoide. If the law 

has the impf^rtanco which Lov^-n attributes to it. it is most remarkable 

that in the same family it should hold for some species and not for 


others. 


Pedicellariae * arc always present. They have stalks contain- 
iag a calcareous rod, and three, rarely four, calcified blad« 
(Fig. 166). The bases of the blades are broad and usually 
concave on the inner side, the concavity being traversed by a 
vertically directed crest, tlio apophysis (Fig. 167, a). The 
blades are articulated together basully and not with a special 
calcareous piece. There is a special musculature for moving 
the blades, and the stalks arc movable on the shell Glands are 
frequently present on the stalk or on the outer sides of the 
blades. The pedicellariae are covered with a ciliated epithe¬ 
lium. On the inner sides of the blades patches of this epithe- 
Hum may bo modified as special organs of sense (Fig. 166), the 


• Martensen, op. eit., p. 4. Von UoxkUll citod on p. 224. 

^rcA ^/. Exp. Sgin (2). 6, 1887, p. 213. C. Stoworfc, Journ. R. M%e. Soc. 

Z, 1880, p. 009 
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oeUs of which are provided with Bensory hairs. When these are 
not present scattered sense-cells are present in the epithelium 
on the inner sides of the blades. Nerves pass along the stalk 
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for the innervation of the muscles and sensory epithelium. 
Pedicellariae are found on all parts of the surface amongst the 
spines. Tliey are smaller and less numerous in the Irregularia 
(Spatangoids and Clypeastroids) than in the Regularia. They 


present considerable variation in 
structure and are of great im¬ 
portance in classification )[Morten- 
sen). 

There are four kinds of pedicel¬ 
lariae : the globiferous (gcinmi- 
form), the tridentate (tridactyle), 
the ophicephaloufl, and the triphyl* 
lous (trifoliate). 

(l)Tho globiferous podicotlariao (Figs. 
160, 167, i)have lung stalks and are pro¬ 
vide with a gland, which shows indica¬ 
tions of being double, on the outer side 
of each blade (on the inside in the Cida- 
ridae) and in some cases {Sphaerechinu* 
granularit) with three glands half-way 
up the stulk. The blade en^ in a tooth 
which w grooved on its outer side*. 
The gland of the hludo opens on thi^ 
groove neor the tip of the tooth and 
secretes a vis<-id ihiid which is supposerl 
to be poisonous. There is a patch of sen¬ 
sory epithelium on the inner side of each 
blade near its bos', and sometimes a 
second neorer the apex. The axial cal¬ 
careous rod extends the whole length of 
the stalk and the blades are attached to 
the end of it by a ligament. 

The so-called globifers are globiferous 
pedicellariae, the distal parts of which— 
beyond tho stalk-glands—are absent or 
reduced. They have the form of short 
stalks ending in a trilobed swelling and 
have been found ia Sphaereehinus granu^ 
larit, O 0 ntroaUphanu 0 longitpinus, eto. 
Traces of blades are sometimes dis- 
oemible on them. 

(2) The tridentate pedicellariae (Figs. 



Flo. les.—DUgnm showing th« etni^ 
ture of A globiferous pcdlcelUrla 
(from Long). 1 . 3 seiieo orflons; 
it Apetiuro of the glAod of the blAde : 
4 Adductor iDuecie ; 6 ekoloUjo of 

the blAde : 0 cplthcUuin of the bUde ; 
7 glAod of the bUde, S Its eplthe- 
Unm: S muecle-Uyer uf the ^Aod ; 
JO, it dlTAricAt/>r muscles; 12 nerve ; 
23 CAlCATOous rod of the stalk ; J6. 
10 gland of the stalk, 14 Its aper¬ 
ture. 


166 O, 167, 4) are the largest and most 

movable of those organs. Their mobility is due to the foot tliat the 
distal end of the stalk is occupied by a rod of elastic tissue embedded in a 
sheath of smooth muscular fibres, the axial calcareous rod not reaching 


the whole way. The blades are long, broad at the base and narrow 
distally, and they are provided with teeth olong their edges. They are 
usually without ^ande. and the adductor muscles are cross-striped. 
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There are no special organs of sense, but sensory cells are scattered among 
tho ciliated ectoderm cells on the inner sides of the blades. 

(3) The ophicephalous pediocllariae^ wliich are distributed all over tlie 
shell and on the buccal membrane, ore smaller than tlie preceding. The 
stalk contains a calcareous rod proximally and an elastic band dietally in 
the axis, and the blades, which are short and broad and toothed along the 
edges (not shown in the figure), carry at the base a calcareous semicircular 
rod which crosses those of tho two other blades and ensiires a good arti¬ 
culation (Fig. 1G7, 2). The blades arc without glands and patches of 
sensory epithelium, but tlicre are sometimes ni\icous glands on tho stalk 
in the Diadematidae. These glands may Ih 3 much developed and the 
blades reduced, in which cose they approximate to the globiftr conditiuD. 



' I'UV-IShV Mnrlao uf •»«!!». .4, 4 M I'li-1 po^lln'lhirla at rrfnahfrrui; 

gluMffn*u. !/’Jron thi* ••f ilk ; 4* I'MigU 

IimIihu) ti I i\ iiC-d'It] t Ifiil iil.il* |» *111 *i*n?iria ol < ionjt^/nnus. 

J Ktihjrtii 5 iior'c; 3 iwluinn, i rjil'-arfous ^ lotigitiMini.i) inu^cnfur 

ti itri'iii 

(<) I'lio thph\l]oiis poiliofOInri.vo nro (ho siiuilhs^t Uiuil niid liuvo nliort 
hru;!*l loftf UlcM hhidos uithout t<‘oth nr with % cry lino tiH'th (Fig 107, /). 
'rho fltfilks nro very floxihl**, tho ralriirr*MiH stalk urjly rcai hing half way 
and hi'itig oontinutrl hj ehislic tissue. They are uitliuut glands and 
^porial st-rvsi3 organs. 

Tht' functinii • of pediorllariac is to Ri-ize upon foreign bodioR 
or orgAni-STn.-; \vlue)i upproach or toueli llie hIh-II anti spinoi*. 
The globiforous pi'clieollat ia*' by means of their j>oison glands 
are probably able to dcjil with tlto more powerful organisms. 

• J. von Uoxkull, ZiiUch^ /. (-J), If), p. 334. 
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[n some cases the tube-feet have been observed to transfer to 
,he mouth organisms held by the pedicellariae. The triphyllous 
lediceUariae are supposed to bo particularly concerned in keep- 
ng tlie shell and spines clear of smaller particles &*uch as sand 
grains which may fall upon them. It is possible that all the 
pedicellariae may assist in keeping the animals clear of foreign 
organisms, whether animal or vegetable, which would naturally 
vttacK themselves to the spines and bIicII (see, however, p. 196), 
thus accounting for the clean condition in which the spiny shell 



Fia 167 of i>©dlc<-llarlA6 Acen from tlio Inner fide ; J of n sjoblferou# {Faff€^inu$ 

mUiatUi t of no ophlcephnlou* {SUung]/U^rUrotu$ rfro<e«cAi^n#w), .1 of a IrlphUlous 
i miliAfiM) i of A tndcntnte fxsdicclliirin {Strong. drotlMtSUnMirif d Apo|>nyila» 

6 bnnnl pATi of U biA<io; rl enil*U>olh ; iMntcfal tootb Articular BOffncA (6ft«f 


is usually found. It is said that pedicellariae wliioh have once 
got hold cannot leave go, so that they must bo torn off with the 
bitten object. 

The spines are of various sizes and shapes. They aro movably 
articulated to tubercles on the shell pistes. The larger tubercles 
are called primary tubercles and carry the larger or primary 
spines ; they consist of a mamelon which may be perforate or 
imperforate according to the presence or absence of a ligament 
and of a boss which is the eminence supporting the mamelon ; 
the scrobicule is the smooth area of the test round the boss. 
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The larger spines are attached to their tubercles by an clastic 
ligament which is inserted into a pit on the tubercle and into 
another pit in the socket of the spine. The smaller spines are 
covered by a ciliated epithelium, as are the larger spines in their 
growing state. The epithelial covering is absent from the 
full gro^^Ti larger spines except at their base. The spines are 
attached by ligamentous and muscular sheaths which pass from 
the part of the spine round the socket to the smooth part of 
the shell plate round the tubercle. Around the base of the 
large spines there is a ring of nervous tissue just beneath tlic 
ectoderm. 

The large spines ♦ are used in locomotion. The small spines 
are protective and are arranged round the large spines, and round 
the pores of the ocular plates, the anal and genital apertures, etc. 
They can be bent over the protected object, and are without the 
nerve ring. 

In the Clypeostroida and Spatangoids tlio spines nro small and eatA>liko. 
In Aathenoiovxa special poison spines have been Uescribod by tbo Sara* 
sine. They have swollen licads containing the poison gland. It is quite 
possible that the spines are often poisonous. 

In CtntrovUphanus longitpinxu there nro about fifteen short spines 
on tlio interambulacra near the onus, which ore in a continual state of 
riitation, describing a circle with their tips. 

Thu term spistroma is applied to calcareous deposits w'liich ore found on 
the plates of the test in some forms. 


Clavulae are minute spines with swollen ends and covered 
with a ciliated epithelium. Tliey are found in tlte Spatangoida 
only and are arranged in definite tracts callul fasololes or Semites. 
T)ie arrangement of these tracts is of importance in classifica¬ 
tion. The tube-feet witliin a fasciolar area always differ in 
structure from those outside it. 


Tlio principal kinds of ftisciolos are n.^ follows (Fig. 168). (1) The pori- 

I’ctaloiiB (p), which encloses tbo potnltiid portions of tho ambulacra ; (2) 
tlio Buhiuail ("o), which encloses « space un the oral side of the anus ; 

(3) tlio tnurgimil (m) along the border of the sholl parallel to tlio ambitus ; 

(4) tho interna! (i) which cro-ses the petals near the apical region ; (5) 

the laterols (/), which rvin ono on each side fi'oni a point on tho peripetalous 
towards tho periproct. They aro not all present in the samo spocioe. 


* For the physiology of tho spines soo J. v. UoxkulL ZeiU Biot. (2), 
21. ia90, p. 73, and ibid. 22. p. 447. 
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The structure of the spines affords important systematic 
characters for the diagnosis of families and to a certain extent 
of genera.• 

Sphaeridia are small, densely calcareous, glassy, spherical 
bodies, composed of a stratified vitreous substance and placed 
upon short stalks of which the calcareous tissue is more reticu¬ 
lar ; the stalks are articulated to prominences on the test. They 
are found on the ambulacral plates only, and particularly on the 
ambulacral plates bordering the peristome. They are covered 
by a ciliated epithelium and round their base is a muscular 
sheath and a sub-epithelial circular nerve tract—as in the case 
of the large spines. They may project freely, or be placed in 



Ad. 

viQ lOM_DlauraMi of a SpoUngoW allowing the fasclolca (afUr Orogory). t lutoroal^ I laloral, 

m marginal p peripetoloua, $a subanal fAsclolo. 


depression-s of the test, which are sometimes completely closed 
(Clypeastroida, Cassidulidac). They are probably sensory 
structures, and, from their position near the mouth, they have 
been BUi>i> 08 cd to be olfactory or gustatory. On the other hand 
it has been suggested that they are for orientation. They are 
to be regarded as modified spines. They are present in all 

Echinoids except Ciduris. 

The jaws and five teeth appear to bo present in all Echinoids 
except Spatangoids. In the typical sea-urchins they form the 
structure known as the lanUm of AristoUe. The jaws consist of 
a complicated framework of calcareous plates and rods by means 

• K.Hetwo, Neux^Jahrb. /. Mineral. Qeol. u. Paiaeoni. Beilagtband, 13, 

1SS»-1001, p. 180 
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of which, with tho aid of muscles and ligaments, the teeth are 
brouglit into action. 

The perigfiftthlc girdle, wliich is absent in Spatangoida consista of pro¬ 
cesses inwards o( tlie ambulacra! and interambulncral peristomial marginal 
and somelimos adjacent plates. It is said to bo continuous when tlie 
arabulacral processes turn towards one anotlior and unite so as to form 
an arclj—the aurlols—through which the radial water-vascular canals and 
nerves, etc., pass. Tho auricles are connected by the ridges whicli are 
processes of the interambulacral plates. The girdle is said to be Inter¬ 
rupted when the ombulocral processes are absent or very small, while tho 
interambulacral processes are toll and diverge from one another, in such 
a way as to tend to approximate over the ambulacrum ; when they touch 
ond form an arch o%'or tho latter, they constitute a false auricle. These 
procrases are for tho attacliment of the muscles of tlie jaws. They 
have been compared to the ambulacral ossicles of Asteroidou. 


The i)ody is covered with a ciliated ectoderm, w’hich extends 
over the anialler spines, the clavulae, sphaeridia and pedicellariae, 
and on to the bases of the larger spines. Beneath it is tlie dermis 
wliich contains pigment cells and a nerve-plexus, and tho plates 
of tlie skeleton. Inside the dermis is the ciliated peritoneal 
epithelium. 

Muscles are not present in the body-wall, except in those forms 
with flexible shell plates in which there are five pairs of longitud¬ 
inal muscles, running meridionally within the test. 

Nervous system.* The arrangement of the ventral nervous 
system is very similar to that found in Ophiurids. It is removed 
from the surface, both the circumoral ring and the radial nerves 
being contained in the epithelial wall of an epineural canal 
(Fig. 169). It is connected by nerves, which pass through the 
pores for the tube-feet, with tho general sub-epithelial plc.xus of 
Mie ectoderm (7, .^). The epineural canal is developed in the 
larva by tho closure of an ectodermal groove. 

The circumoral ring, which is connected with a sub-epithelial 
or epithelial plexus over part of tho intestine, lies between Aris¬ 
totle’s lantern and tho peristonual membrane, close to the mouth. 
The radial trunks lie between the epineural and perihaemal 
(ranals, and give off nerves to the tube-feet, etc., and as stated 
above to tlie integunientary plexus. They end by passing on to 


• Fi-r tho physiulogy of tho norviius eyatom seo J. v. I’exUiiU, Zeit. 
BuA. (vi), ‘21, 1899. p. 73, and ‘22, p. 447 ; also tho article Echinodormata in 
tho Cambridgt Natural History^ p. 610. 
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tho papilliform termination of the radial water-vascular trunk 
which perforates each of the ocular plates of the periproct. 

The deeper oral system is restricted to five radially-placed 
patches, close to the circumoral nerve ring, and innervates the 
muscles of tho jaw apparatus. It is absent in Spatangoids. 



FW IM —TfAfuverM •eeiion through a radUl paKof tho b dv-wj*llof an Kchinold (diAgram* 
iiiAiic flltor OfUtgu Add H^fouardj. / tuhcfcule for Uig Artlculntion of 2 a sjilrig; J inuacuiuj 
4 iniuwulua InUruiw of Uio boAO of a Aplno ; S norvo nng ut th« hwe o| a tpldo ; 
€ Ainhulucral !»Ut« ; 7 ccU^iicural plcxiw ; 8 pgdal nerve ; Puorvg ring of sucker* old 
tub«-lo-»t: // ikcUUl piece In Uio sucker; musclo of foot: 13 envilyof tube- 

foot ; 14 AfiipuJItt travefseil by muscular binds; 16 can^ pMing from r^lil 
vascular caiial* SC to ampulla : 17 ndlii blood-strands ; 19 ndUl perihAemal canal; 19 
radial nerve ; 20 opine urtU caiul. 


The apical nervous system appears to be unrepresented, 
unless an annular nerve trunk in connexion with the aboral 
circular sinus belongs to it. 

Sense organs. TJ»c tube-feet, and pedicellariao and smaller 
spines arc all highly sensitive and provided in the cose of the 
two latter structures with special aggregations of nervous tissue. 
The terminal tentacle projects slightly on the ocular plate and 
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its tip is coloured with pigment; tliere is no evidence tliat it 
has a visual function. In the Diad^matidac the skin is provided 
with numerous shining spots which have the structure of com¬ 
pound eyes {vide Sarasin loc. cit.). The sphaeridia have been 
supposed to have an orientating function. 

The alimentary canal winds tlirough the body from the mouth 
to the anus (Fig. 170). It is suspended to the body wall 
by a perforated mesentery, and sometimes the coils are con¬ 
nected by a mesentery. Pharynx, stomach, intestine and rectum 
may be distinguished but are little marked off from one another. 
The junction of the oesophagus and intestine is often marked 
by a swelling and in Spatangjca by a caecum. Tiicro is an 
assessory intestine or siphon (absent in Cidaroida) which is 



Fio. 170.—(afUr Tielcmaan, from Claufi). i> alimentary 
canal. to tiio shell by the mcaeot^ry ; O gonada ; J intcrambulacrAl 


given olT from it near its commencement (oesophageal region), 
accomj)anies it along its inner (axial) wall, and joins it again 
lower down. It is supposed to allow of tlie passage of re¬ 
spiratory currents of water. In a few genera {Schizaster, Brissus, 
etc.) there is a second siphon. The walls of the alimentary canal 
contain muscular elements and, in the first part of the intestine 
at least, blood lacunae. In the Spatangoida the alimentary 
canal is always found distended with sand. 

The coleom presents essentially the same parts os in Asteroids. 
It constats of water-vascular, perihaemal, and perivisceral por¬ 
tions, and of the axial sinus. The perivisceral portion occupies 
the greater part of the interior of the body and is in relation 
with the coils of the alimentary canal. 
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The perihaemalsystem consists of (1) five radial canals, extend¬ 
ing thewhole length of the radii and lying between the radial nerve 
and the radial water-vessel (Fig. 169, 18), and (2) a large sinus 
round the mouth. This is the perioesophageal sinus or lantern- 
coelom, so called because, in the forms with teeth, the jaws 
(lantern of Aristotle) lie within it. It is homologous with the 
outer perihaemal ring of other classes, though it is completely 
separate in the adult from the radial perihaemal vessels which 
reach right up to it. 

The external gills, of which there are five pairs, one pair in 
each interradius, are processes of the outer part of the peri- 
stomial membrane and contain prolongations of this sinus. They 
pass through notches on the interambulacral marginal plates 
and arc present in most Endocyclica, but are absent in the 
Cidaroida. 

The internal gills or Stewart’s organs are found in Cidaroida 
and Echinothuridae. They are hollow processes of the lantern 
membrane into the body cavity and their cavity is a prolonga¬ 
tion of the perioesophageal sinus. They are usually five in 
number and radial in position. Organs of a similar nature, 
eight or nine in number, have been described by Cu^not in some 
Clypeastroids. 

The axial sinus ends blindly, ventrally, at some distance from 
the oral region, while dorsally it communicates with the stone- 
canal. It is contained in the axial organ, which is wrapped 
round it. There is no inner circumoral perihaemal ring. 

There is also an aboral circular sinus in the walls of which 
lies the generative raohis (p. 234). This sinus sends prolonga¬ 
tions to the generative organs. 

The water-vascular system is arranged very much as in Asteroids. 
There is a circumoral vessel (Fig. 171, Rg) placed at the upper 
end of the pyramids of the jaws and giving off the five radial 
canals which, passing beneath the intermediate plates, travel 
oralwards within the lantern-membrane to the test and then, 
after giving off a branch to the oral tube-feet (absent in Cidaroida 
and Echinothuridae) whicli perforate the plates in the perlstomial 
membrane, turn outwaids tiirough the auricles to run along 
the radii within the slicll plates to terminate in the short un¬ 
paired tentacle which perforates the ocular plate. In most 
Endocyclica the circumoral vessel possesses in each interradius 
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tt small outgrowth, which has a spongy structure and has been 
identiRod os a polian vesicle ; it enters into close relations with 
branches from the oircuraoral vascular ring. Tin- radial vessels 
giveoCf transverse vessels, each of whicli opens into an ampulla. 
The ampullae arc placed within the shell plalc.s and each of them 
communicates by two canals with a tube-foot • (Fii?. 100). In 
those coses in which the pores are single, it would appear that 
the ampulla i.n only connected by one canal witli its tube-foot 
The circular vessel is connected by a stone-canal, tlm walls o 


M A 



which may or may not contain calcareous matter, with an ampulla 
placed just below the madreporic plate and opening outwaids 
through tiio iiores of this structure. Tlic ampulla communicates 
with and is really the upper part of the axial sinus, whicli m 
Echinoids is surrounded by tlie axial organ. In Echtnocijamits 
pu-stV/iw the madreporite is peculiar in the fact that it is pierced 
by only one water-pore. 

In Bpn<i»tig*>ias the stone-conid is abort anil its oponintj into the oxml 
sinua ia B.'j.iuati'd bv a wide interval from the modroporito. 

In tlio EndocvcHca tbo tube-f.><‘t terminate in Buckinp discs ondore 


• See footnote, p. 214. 
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supported by calcareous pieces, which form a ring round the margin of 
tlio sucker (Fig. 1C9). In many forms the abactinal tubo-feet ore 
and aro without tho calcareous ring, and in all cases the suckers of the 
abactinal foot aro weaker than tho others. Tho suctorial tube-feet 
together with the spines form tho organs of locomotion. 

In the Cidnridoe and Echinothuridae the feet which come tlirough the 
ombulocral plates of the peristomial membrane are similar to the other 
foot. In forms with only ten perforated ambulacral plates on the peri¬ 
stome, tho tubo-feet which they transmit, the oral tube-feet or buccal 
tentacles, aro small ond terminate in an oval disc. They move actwoly 
when in the neighbourhood of food, without, however, touclung it. They 
are supposed to bo olfactory or gustatory in function- , 

In the Clypeastroids and Spatangoids the feet of the petals differ from 
those of the rest of the ambulacral system. They are broadened at the 
base, and their sides are indented or sacculated ; their walls are without 
calcareous bodies. They are said to be respiratory in function and are 
called ambulacral gills (see p. 214). 

Tlio tube-feet issuing from the fine pores of Clypeastroids aro locomo¬ 
tive. They are cylindrical in form, are provided with calcareous bodies, 
and ond in o sucker (which inoy l>o supported by a calcareous ring). 

In Spatangoids tho feet ore very various in shape, according to tho 
part of the body in which they ore placed. There are (1) tho respiratory 
feet of tho petals without terminal suckers or calcareous bodies ; (2) 
ordinary locomotive foot with suckers and calcareous supports; (3) 

simple tactile feet without suckers ; (4) brush-like tactile feet found round 
the mouth and tho anus and in tho Coasidulidao on tho phyllodea ; they 
terminate in an expanded disc which carries a number of club-shoped 
filamonta, each of which is supported by a oalcaroous rod t (^>) the rosetto- 
foet of tho anterior ambulacrum ; those ond in discs tho edges of whicli 
ore drawn out into short processes supported by calcareous rods ; they 
are often of groat length ond are prehensile in function, seizing food which 
is to l>e convoyed to the mouth. The feet of the petals ore in connexion 
with double pores in tho shell, tho other feet only having one pore. 

According to J. Miillor the locomotive tubo-feet of the Spatangoicis aro 
loss numerous, wliile those of Clypeastroids are far more numerous, than in 
regiilar EchinoidB. 

The vascular system attains a development somewhat similar 
to that which it has in Holotliurians. It consiste of a plexus in 
tlic intestinal wall connected with two longitudinal intestinal 
trunks, which lie in tho mesenteries. These open into a cir- 
cumoral vessel • from which pass five radial vessels. Tho latter 
lie between the water-vascular canals and the radial poriliaemal 
space, and give o0 vessels to tho tube-feet. The circumoral 
blood-vessel is close to the circumoral water-vascular trunk. 
As in other cases the significance of this system is obscure ; it 
consists largely of lacunar tissue. 

• Tlio word vessol i* not porhapa correctly applied to the vanoua tracts 
and branches of tliis lacunar tissue. 



234 


PHYLUM EOHmOUBBMATA. 


The organ is well developed and lies oloso to the stone- 
canal in the axial sinus. The dorsal end of it projects into a 
sinus just below the madreporio plate. This is called the 
madreporic vesicle, and is the right hydrocoel of the larva. The 
axial organ consists largely of connective tissue, and, its wall 
being folded, it appears to be penetrated by epithelial diverticula 
of the body-cavity on the one hand and the axial sinus on the 
other. It contains a number of cells which in the larva were 
derived from a downgrowth into it of the genital rudiment.* 
Its relation to the axial sinus is described on p. 231. 

They are dioecious. The gonads are typically five in number ; 
but in many Spatangoids the number is reduced to 4, 3, or oven 
2, and in some Clypeastroids to 4. They are branched racemose 
glands and are interradial in position. With a few o.xceptions 
in Clypeastroids, their ducts open through the basal plates. 

The genital organs arise as they do in Asteroids as an out¬ 
growth of the genital rudiment (p. 146), which, becoming enidoscd 
by a fold of the wall of the left coelomic sac, encircles the apical 
pole of the animal and constitutes the genital rachis. The 
genital organa themselves are developed as outgrowtlis of the 
rachis. The part of the left coelom onclcscd by the fold abovo 
referred to becomes cut off from the rest and persists as the 
aboral sinus (p. 146). 

The eggs are small and very numerous ; they are generally 
discharged into the sea, where fertilization occurs. In a few 
forms (species of Cidaria) the eggs become attached to the apical 
part of the test amongst the spines and undergo their develop¬ 
ment there. In some Spatangoids, some or all of the dorsal 
parts of the ambulacra are sunk in and serve os brood pouclics 
(marsupia). 

The free larva has the pluteus form ; for a description of it 
and of the main features of the development the reader is re¬ 
ferred to pp. 140, 160. 

E<hinoidfl have a considera’ble power of repairing injuries, 
but not of forming new individuals from broken-off pieces. 
Asexual reproduction is unknown in the group. 

The Endocyclica for the most part creep upon a rooky bottom, 

* The genital rudiment is developed cu a solid outgrowth of the epithelium 
of tiio left posterior coolomio sao closo to the septum separating it from 
the loft anterior coelom. 
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and liavc the power of climbing steep slopes, by means of their 
powerful suckers. They also use the large spines for locomo¬ 
tion. In the genus Cidaris, in which the spines are very large, 
the feet arc not important in locomotion and have feeble suckers. 
Hence this genus prefers deep water in which it is not rolled 
about. They frequently live in cavities, which they hollow out 
of quite hard rock by mechanical action of their teeth or other¬ 
wise. The Exocyclica on the other hand for the most part 
live in sand, and the locomotive tube-feet are relatively feebly 
developed. In Bchinocardium cordatum, which lives buried about 
eight inches deep in sand, the tube-feet of the anterior ambulacrum 
near the apex are very long, several times the length of the animal. 
They project up tlu-ough the sand—through a hole above the 
apex—and end in frilled suckers. They catch food, shrink back 
tlirough the hole, and hand it to the buccal tentacles.* 

There can be little doubt that the afiSnities of the Echinoidea 
are with the Asteroids. The general plan of structure and the 
relations of the chief systems of organs are the same in the two 
classes. The anatomical differences are small and relate to 
comparatively unimportant features, sucli as the structure of 
the alimentary canal and the calcareous covering of the body. 
The most important difference is the closure of the ambulacral 
groove and its conversion into the epincural canal, so that the 
cctonoural central nervous system is placed in the wall of a 
closed canal as it is in Chordates, but this peculiarity is shared 
by Ophiurids. The differences in external form, though con¬ 
siderable at the first glance, are much diminished on a close 
inspection. If the oro-anal axis of a pentagonal Asteroid such as 
Aeterina bo elongated and the antambulacral surface reduced 
wo get the body-form of a tjrpical sea-urchin. The madreporite 
in being aboral and interradial occupies a similar petition in 
the two classes, and in both Asteroids and regular Echinoids the 
anus though close to the aboral pole is always slightly oxcentrio. 
This position of the anus is highly significant not only as in¬ 
dicating the fundamental asymmetry of the body but also be¬ 
cause it is identical or nearly identical in the two groups. In 
Asteroids it is placed in the interrodius adjacent to that of the 
madreporite (Fig. 122); in the regular Echinoids it is either 

* An observation of the lato Dr> Roberieon of Ciunbroe communicated 
by Dr. MocBride. 
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in tliis interradius or in the next radius (radius No. I of our 
enumeration, Fig. 83). In the irregular Ecliinoids tlic anus 
lies in the next interradius but one (interradius No. V. I of 
our enumeration, Fig. 83)—the so-called posterior interradius 
of the Exocyclica, and the question arises which position is most 
primitive, the subapical position in interradius I. II, or in radius 
I of the Endocyclica, or tlie position in the Exocyclica in which 
it lies remote from the apex in interradius V. I. It is impr^sible 
to an.swer this question. On the one hand the similarity between 
tlie Asteroids and regular Eohinoids on this point suggests that 
llie subapical position is primitive, but tliis similarity may be 
apparent only. On tlie otlier hand tliere is plausibility in 
Ijoven'a contention tliat its position in the posterior inteiTatlius, 
recalling as it does the condition found in Palaeozoic Crinoids, is 
really primitive. Both these arguments, however, rest upon 
an unprovt^i assumption, viz. that the homologies between the 
different radii and interradii of the ch\sses of Ecliinodermata 


l\ave been determined. We Uikjw nothing on this subject, but it 
must be admitted that, taking into account the obvious affinities 
between tlie .‘Vsterouls and Eehinoids, there is more probability 
in favour of the homologies icnplii'd by the first view than in 
those implied by the smond ; ff)r tlu> Crinoids are the most out¬ 
lying gioup of living I‘]fhinod(Tins. 

The des’clopment of Iv hinoidea, though differirig in many 
point.s from llutt «.•( .•V-'^teroids, beais out on the whole the view 
to iheir affinitie.s 8Ugg*‘sted by their adult structure.* 

On account of their marine liabits and the structure of their 
bcKly-wall tlie Kehinoidea are well suited for preservation ns 
fossil.-^, and an imniensi- immher of extinct species are known. 
Wi'iling in IKSl A, .Agassiz estimalL-d that 2,0tK( fossil and 225 
recent species were kjiown and the number Ls now probably much 
greater. The study of these forms and the elucidation of their 
affinities jire.si'nt ])rohlems of the greatest importance to the 
student of organic evolution. Of the extant families the Oida- 
ridue alone arc found in Palaeozoic formatit>iis. 'I'lie Diadema- 
loida, ffoleet v])<>i<.la, ('assidulidae and (V'llyiit iilae begin in the 
•Jurassi'-. The Spatangidae are not found till the t'relaeeous, and 
the Olypeastridae do not make their aj)pearance bc-fore the upper 


8o< 3 MacBride, Phil. Tratui., 105, 1903, p. 3l0. 
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layers of the Cretaceous. The palaeozoic Palaeechinoidea are 
very imperfectly known, but they comprise exocycUc ^ well as 
cndocyclic forms, thougli the majority are Endocyclic. They 
make their appearance in the Upper Cambrian. 

From the late appearance of Spatangidae and Clypeastridao 
it has been commonly assumed that the Endocyoilca preceded 
the Ectocyclica in evolution. This view is borne out by the fact 
that HolerJypiis and the Cassidulidae, which are intermediate 
between the regular and irregular type, preceded the Spataiujidae 
in the geological succession. But bearing in mind the fact that 
Echiiiocystit&s is an exocyclic form from the Upper Silurian, wo 
should be prudent in suspending our judgment on this point, 
until the Palaeozoic Echinoid fauna has been more fully inves¬ 
tigated—an attitude which is stiU further justified when we 
remember that Collyrites, which is more raodiHed in some re¬ 
spects in the Spatangid manner than any of the Spatangidae, 
preceded the latter in its first appearance, and is contemporan¬ 
eous with (? before) Holeciypua. 

A. \aaa>»ii(ChalUngtr Echinoicis, p. 10) in discussing the origin of living 
EcliiuoidH calls attention to tho hopeless nature of the attempt to ro- 
proBcnt tho geological succession of forms either diagrammotically or 
doscriplivelv, and points out that this hopelessness is duo to tho groat 
number of different combinations of tho various characters which have 
existed in extinct forms. Tho structural features of living Echinoids aro the 
same ossont ially as those of extinct forms, but they are combined difforontly. 
Features which have opparontly disappeared reappear quite suddenly 
and apparently in no connexion with the typos which have immediately 
procodwl them. “ Wo cannot hope,” ho says, “ to truce the development 
of any typo through a series of forms each slightly difloront from its pre¬ 
decessor ; wo must only expect to be able to follow tho changes of a single 
feature and study it in ite combination with other features, combinations 
wliich from their very nature can never form an unbroken series, os their 
Ujrma ore not synchronous. 

“If wo examine in the same manner [i.o. by tracing it through tho 
Echinoids of all time) any one of tho structural features wliich have once 
mode thoii- appearance, we find that, without exception, they are either 
p«>r8i8tent to the present day or can be traced in a somewhat modified 
form in some one of tho types now Uving, though the pecoliai combination 
of any definite numl>er of these may have disappeared.” 

Finally Agiuwir. goes on to say (p. 23) thot adopting this method of 
trocing tho ilevelopment of a single structural feature at a time sucli os 
tho growth of tho porifi-roUH zone from tho siinplo paired zone to tho com- 
|,lic«it«Hl ambulucral 7x>no of n Bpotongoid. wo shall find that tho moat 
primitive umhulacral zone known still exists side by side with the exist¬ 
ence at tho present day of tho resulUnU, if wo may so say, of all the com¬ 
binations wliich have taken place.” 
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The classification of the Bchinoidea is at preeent under revision 
at the hands of Mortensen and others {op. cU.). Pending the 
completion of this work, we have after some hesitation decided 
to adopt, in its main features, the classification propounded by 
Duncan {op. ctt) in 1891. It has two considerable advantages : 
it holds the field, having been adopted by Zittel, Delage and 
Lang in their valuable textbooks; and it is extremely simple, 
introducing the smallest x> 08 sible number of new terms. 

The system is os follows :— 

Order 1. Palaeeohinoidea. 

„ 2. Euechihoidea. 

Sub-order 1. Cidarolda. 

„ 2. DIadematoida. 

Section 1. Streptosomato. 

„ 2. Stereosomata. 

Sub-order 3. Holeotypolda. 

„ 4. Clypeastroida. 

„ 6. Spatangoida. 

Section 1. Astemata. 

„ 2. Stemata. 

Order 1. Palakechinoidka.* 

JFilA only one or xoith more than Uvo vertical rows of plates in 
each of the five interradii, and with hoo or many vertical rows of 
simple or compound plates in each of the five ambulacra. 

Tliia sub-class comprises exclusively extinct and for the most 
part palaeozoic t forms. To the characters mentioned in the 
definition the following may be added. The peristome is in the 
middle of the oral surface. Jaws are present. The plates may 
or may not overlap. The anal area is either within the apical 
system, or outside it in the posterior intcrambulacrum. Echino^ 
cystites alone is known to be exocyolio. The sub-class dates from 
the Upper Cambrian (Po/Artocidarw). 

The moat important genera are os follows :_ 

BoIhritKidaru Eicfiw., interambulacral plates in on© row, Tipper Com- 
bnoo. EchinocyatiUi W. Thoms., oxocyclio, the anus and madreporito 

• K. A. Zittel, Handhuch' dtr Palatonlologit, Loipiig, 1880; also A. 
Agassiz, op. cit., P. Martin Doncan, op. cit. 

t Ttarechinua is from the Trias, and Tetracidaris, which is here placed 
wth the Euechinoidea among the Cidaridae, but is by some reg^od as 
belonging to the Paiaeechinoidta is from the Cretaceous. 
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arc on tho posterior intcrrmlius, intorambulacra mu]tiserial» Silunan. 
PalatodiKcus falter, with fluttciiod body, Silurian. Lepidocentrua J. 
Mull., Devonian. Koninckocidaria DoUo and Buis., Carboniferous. 
Periachodomua • McCoy, Carb. ArcJiaeocidaria McCoy, Carb. Lepido- 
eidaria Meek and Worthon, Carb. Lepidechinua Hal), Dev., Carb. Palaa' 
eehintta McCoy, Sil., Carb. Rhoeehinua W. Keeping, Carb. Mtionitea 
Norwood and Owen, Curb. Oligojtorua Meek and Worthen, Carb. Lepi' 
dealliea Mook and Worthoii, Carb. Tiarechinua Noumayr, with only foiir 
plat4»» in each intorombulacrum, ono at tho peristomium and throe 
oxtending side by sido from tho peristomial to the apical system ; apical 
system utnisuully large. 

Order 2. Euechinoidea f 

With two vertical rows of plules in each of the five interradUy 
and a similarnumber of vertical rows of simple or compound plates 
in each of the five radii. 

The peristome is on the oral side and rarely placed anteriorly 
towards the edge of the shell. Jaws and teeth are present or 
absent. The anus is either witiiin tho apical system, or in the 
posterior interradius. The sub-class comprises some extinct 
and all recent forms. The Cidaroida and Oiademutoida aie 
Endocyclica or regular sca-urcliins, the Holcctypoida, Clypeas- 
troida and Spatangoida are Ectocyclica or irregular forms. 

Sub-Order 1. CIDAROIDA. 

Tost spheroidal. Ambulacra narrow, usuolly composed of primary 
plates, roroly compound. Mouth central, anus within tho apical system. 
With internal branchiae only {Endobranchiata). With jaws and more or 
I fwi vertically placed teeth and a disQontinuous porignathic girdle. With 
largo spines and tubercles. The interrodial os well os tho ambulacra] 
plates are continued on to tho oral area to tho mouth, ond are imbricated 
on tho peristome. Sphacridia, ophicephalous and triphyllous pedicellariae 
are absent. Carboniferous to the present day ; principal distribution in 
tho Jurassic and Cretaceous. 

Fum. 1. Cidarldas with the characters of the order. Dorocidaria A. 
Ag., N. part of Atlantic Ocean, 50-1,COO ftns., D. papiUataljeake, W. coast 
Ireland. Cidaria X^oske, cosmopolitan in the warm seas, littoral to 300 
fms. PhyUacantJiua Brdt., Red Sea to Australia, littoral. Poroeidaria 
Dcsor, P. purpurata W. Th., N. At]., 300-1,600 fms. 

Extinct gonera: Orthocidaria Cotteau, Temnocidoria Cottaau, Diplooi- 
daria Dosor, Tctraeidaria Cotteau, Cretaceous, see note, p. 238. 

Sub-Order 2. DIADEHATOIDA. 

Mouth central, onus within the apical ayetero.^ Internal branchiae 
well developed, reduced, or absent. With external branchiae {Eetobran- 

* Sollas, Quart. Joum. Oeot. 8oe., 66, 1890, p. 70. 

t P. Martin Duncan, op. eit. 

f In one extinct genus, Heterodiadama, the posterior basal is absent, and 
the periproct is pushed back a slight distance into tho posterior inter* 
radiua 
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chiata) and incisiona in th© periatome margin. Withjawa and teeth and 
continuous perignathic girdle. Ambulacral plates alone continued on 
to the oral area, where they may appear as separate buccal plateA 
Sphaeridia. opliicephalous and triphyllous pedicelloria© present. Jurassic 
to the present day. 

Section 1. Streptosomata. 

Test more or less flexible, with external and internal branchiae. Peri- 
stomial ambulacral plates in several rings. 

Fam. Echinothuridae. With the characters of the sub-order. The 
thin and flexible tests are large and tumid, or depressed. Some of the 
spines of th© interambulacra have poison sacs near their ends and ore 
poisonous. The plates of the apical system are usually separate. Coronal 
plotee feebly calcareous and with membranous edge, with open reticulate 
structure. Internal longitudinal muscles for moving the plates. A 
flexible echinoid was described in 1803 by S. P. Woodward from the 
chalk. Aathenoaoma, the first recent form was described by Grube • in 
1868, and rediscovered by Wy. Thomson t in the dredgings of H.M.8. 
Porcupine. The large internal bronchia© were discovered by the Snra- 

sins J in 1888. . » • 

Pelanechinut Keeping, apical plates absent, Oolitic. Echinothuna 
8. P. Woodward, apical plates absent. Upper Cretaceous; Phormoaoma 
Wy. Thoms., i-ecent, 120-2,700 fathoms, N. Atlantic to Azores, in most 
sens; .-Isf/unofiomo Or., recent, 100 to 450 fathoms, N. Altantic and in 
most seas. EchinoaoTTia, Cah'eria, Araeoaoma, etc. 

Section 2. Stereosomata. 

Test rigid, with oxtemol branchiae, and reduced or absent internal 
branchiiU). With 5 pairs of isolated peristomial ambulacral plates (buccal 
plates}. 

Fatn. 1. Salealidae. Ectobranchiate, with persistent central or 
centrals. AmbxUucTa narrow ; the plates ore primaries, rarely compound 
actinally. Interrodml plates few, tubercles large. Sphaeridia present. 
Jaws with the foramina of the pyramids unorched by epiphyses, teeth with 
a keel. Jurassic to recent. Blostly extinct forms. Peltaatca Ag., 
Acroooicrjia Ag., extinct; Salenia Gray, f and r, Coribbeon Sea, etc., 60-1,700 
fathoms. 

Fam. 2. Hemtoldarldas. Exclusively fossil forms, Permian to Cre¬ 
taceous. Hamicidaris L. Ag., Acroeidaria L. Ag., Qoniopygua L. Ag., 
goiiitnl openings outside the apical system in the intorradii; Circopeliia 
Pome), Cidaropaia Cotteau, Olyplicua L. Ag. Leptocidaria Quonstedt, 
allied here. 

Fum. 3. Aspldodladematldas. With spheroidal test and large, narrow, 
ringed apical system formed by broad basals and broad intervening radinls. 
Intorradinl plates few. Ambulacra with low primary plate©; pores in 
straiglit series, one pair in each plate. Peristome incised ; branchiae 
bifid with ten largo buccal plates. Tentacles heteropodous. Aapido- 
diadema A. .Ag., lUO to l.TOOfsthoms,Caribbean Sea, N. part of S. Atlantic, 
Philippine Sea. Dermatodiadema A. Ag. 


• Jahreab. d. ScMea. Gea. /. Vaterl. Ctiit. 1808, p. 42. 
t Pfiil. Trana. 144, 1874, p. 737. 

j P. and F. Sarasin, Erg. XrU. For. auf CtylotXt I, 1888, p. 129. 
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Fam. 4. Diadematldae. Regular, ectobranchiato, with or without 
vestiges of internal branchiae; shell lughly ornamented; ambulacra 
usually narrower than interambulacra, with vertical rows of primary 
tubercles, and usually consisting of compound plates, all the components 
of which are primaries ; the pore-pairs are usually in a simple row, and 
sometimes in double rows only near the mouth and apex. Interambu¬ 
lacra also with vertical rows of primary tubercles. Teeth grooved, jaws 
withouta closed pyramidal foramen, feet heteropodous. Chief distribution 
in Jurassic, Chalk and Tertiary. 

Diadema Sch3mvoet, with blue patches (ocellar) on the shell, f emd r. 
most seas; CerUroaUphanue Ptrs., r; Placodiadema Duncan, f; Httcro- 
diadema Cotteau, f; CodiopaU L. Ag., f; Pleurodiadema De Loriol, f; 
Magnotia Michelin, f ; Coltaldia Desor, f; Diplopodia McCoy, f; Pcdi- 
nopaia Cotteau, f; AcarUhechxntia Duncan and Sladen, f; Phytnechimia 
Desor, f j AaUropaia Cotteau, f; Diplotagma Schluter, f; Micropyga A. 
Ag., r, 100 to 600 fathoms, Philippines, Fiji ; Pliatophyma P6roii and 
Gauthier, f; Pedina L. Ag., f; Echinopedina Cotteau, f; Stomcchinxxa 
Desor, f ; Micropedina Cotteau, f ; Heterocidaria Cotteau, f ; Echinothrix 
Peters, r. East coast Africa, Pacific Islands, Red Sea, etc. ; Aatropyga Gray, 
r, Panama, California, Zanzibar, etc., with overlapping plates ; Poly- 
cyphua L. Ag., f ; Coduhinua Desor, f ; Orthopaia Cotteau, f ; Eodiadenui 
Duncan, f; Peronia Duncan, f; Echinopaia L. Ag., f; Oymnodiadcma 
De Loriol, f. Progontchinua Duncan and Sladen, f, allied here. 

Fam. 5. Cyphosomatidae. Contains only one recent genus, CopUiaoma 
Desor, f and r ; and the following extinct genera. Cyphoaotna L. Ag., 
Oauthieria Laml>ert, ThyUchintia Pomel, Micropaia Cotteau. 

Fain. 0. Arbaciidae. Test depressed abactinally, flat actinally ; 
epistruma with granules, projecting ridgee, sessile glossy knobs. Apical 
system largo ; periproct oval and oblique, compost of four triangular 
plates : pore in ocular plates double. Ambulacra straight, narrow, ex¬ 
panding near the peristome ; poro-palrs simple or in largo arcs or crowded 
actinally ; plates compound near the ambitus ; in the compound plates 
the middle component is a large primary, while the aboroJ and odornl 
components are domiplates, or the primary is odorol and the domiplutea 
are aboral to it. Sphoeridia eolitoiy or numerous. Peristome large, in¬ 
curved at the sides of the ambulacra. Teeth keeled ; auriclee not closed 
above. Tertiary and recent. Arbaeia Gray, f and r; Echinocularia 
Duncan and Sladen, r, most seas ; CoelopUurua L. Ag., f and r ; Podoci- 
daria A. Ag., r, 150 to 1,075 fms., Cariblt»an, Philippines; Dialithocidaria 
A. Ag., deep sea. 

Fora. 7. Temnoplsuridas. Regular ectobranchiato with the teeth 
keeled, and auricles closed. Ambulacra with triple compound plates. 
The suture of the ombulacral and interradial plates and of the apical 
system grooved and may bo pitted, or there may bo a raised omamentatiou, 
oostulate or reticulate or in ridgee, the sutures being furrowed or not. 
Cretaceous to recent. Qlyphocyphua J. Haime, f; Dictyapleurua Duncan 
and Sladen, f ; Araetinioptaurua Dun. and Slad., f ; Oriholophua Duncan, 
f. ; Paradozeahxnua Laube, f ; Bchinooyphua Cotteau, f; Ztuglopleurua 
Gregory, f; LepidopUurua Dun. and Slad., ii Coptophyma Pdron and 
Gauthier, f; Trigonoetdaria A. Ag., r, Florida, Caribbean, .etc. ; Temno- 
pleurua L. Ag., f and r, Indian Ocean, Persian Gulf, Pacific ; Plaurechinua 
L. Ag., f and r; Ttmnaehinua Forbee, f and r't SalmaiHa L. Ag., f and r, 
Red Bm, In<L Ocean, etc.; Balmacopaia Dddorloiii, t \ MeapUia Desor, 
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r- Mierocyphus Ag., T I Arnblyptumtcs 1.. Ag., r ; OonhpnciutM ^nn- 
c^, r; Holopnetutee h. AS; T i Hypsicchinus Uitsn. t ; Orammcchtnus 

Dud. and Slad«» f. . » , • » ^ 

Fain. 8. Stomopneostldae. Largo forms uith closed nuncios and 

powerful spines. Globiforous pedicellarioe witliout end-tooth. Stomo- 
vMusUs L. Ag., littoral, Indian Ocean. Australia. 

Fam. 9. Echlnidte. Regular shell with ambulacra and interambulacra 
of equal width ; tube feet similar. Ambulacral plates compound with 
throe pairs of poroa which ore arranged in arches of triplets. Peristomia 
notches small. Coronal plates without pits or grooves, and thoir opp<ise< 
surfaces ore plain. Globiferous ped. with an end-tooth and one or sovorai 
lateral teeth on each side. Teeth keeled. Croiact^ous to recent. Pare- 
chinue Mrtsn., pores trigominate, primary tulwrclo on oU the ombulncriU 
platee, globiferous podicellariue without neck and no cross beams connect 
the edges across the inside of the blade, numerous short greenish spmos ; 
P. miliaria Miill., North Sea. etc. Loxcchinua Dos. Echiniut L., poms 
trigeminate, primary tulK-rolc on every or only on every other ambula¬ 
cral plate, spines upon the whole long and strong, the actual priiuiu-y 
spines not cur\ed at the point, globiferous 7 >o<licullariae generally with 
the edges connected across the inside of the blade, no oirular plate reaches 
to tho periproct. E. eaeulentwi L., primary spines short, mainly littoral 
to about 100 fms. E. acutua Lmk., primary spinos much longer than 
Rocondar>'. to l.SriO fms. Strrcchinna Koehler, Paracentrolua Mrtsn., P. 
liiridtta. Fossil genera, i>(irr'-hiniia, Glyplerhinua, Uporotaria, etc. 

Fam. 10. Toiopneustldae. Gl.il>iferous pt‘<licclli\riao with end-tooth 
but without lateral teetli. the cnlgcs of tho hlado quite coalesced on the 
inside so that tlie V>lnde is tubular, nsuully l-*J oculars roach tlio pcnproct. 
Psammcchitiua L. Ag. ('/ymnrc/untwc Mrtsn. ToxopneUMtea L. Ag. {IMrtia 
Dos.), littond tornm, Ind.-rncihc Or. Tripnetiafca Ag. Ephttmchintia 
I>es., Channel Islands, Med., etc. Tro.srli. P.n-udt*ce7i- 

(rotita Mrtsn. Stroiujylocenlrolua Brdt., iS. droebacliicnaia Mull. AnOto- 


eifUtria Ltk. Pur/wo/cni'/j A. Ag. 

Fam. 11. Eclilnomotrldae. Glohifor.nis pedicellariae with end-tooth 
and one unpairotl, strong lateral ttinth, the edges of the blade almost 
always connected by cros-s-beama acrosj* llic iuf-ido : no ni'ck ; iili littorfil. 
Paeudcchinna Mrtsn. Helioadafia Dcsinl. lEi'f'chirtiia \er.). New Zealand. 


Echinoalrephua An . Indn-Puc. ToxiM-idaria .\g.. Australia. Echinomrtra 
Rond., cosmop. i:i wanii zone. HtUroccnlroiua lirdt., Indo-Pu''. Colo- 


borentrotua I3rdt., Indo-Pae. 


SnVeOrdcr 3. HOLECTYPOI DA. 

Mf.ntb I'entral. anus nntsido the. npicul system in th*' posterior inter- 
rndin.s, i-ither dorsal and close to the npiral systom {Pyij^ml-'r, Py-malndea) 
or ventral [Ifohclypua, etc.). The posterior genital opening usimlly nl)8t'nt. 
Tb<‘ rnadreporite may extend back and occupy tho place of the unal area. 
With external branchiae, apotaloid ambulacra, and a pair of pores or only 
f)uo piire on each ambulacral plate. The ph«tes of tho corona aro not pro¬ 
longed on to tho peristome. With feeble jaws and vertical toelli, or 
without these structures. Sphaericiia pn<eHnit. The perignathic girdle is 
variable : it may !>« weak, or it may form a strong cxjUur, tho interradial 
portions of it being wide and t>ent upwards and outwards from the peri¬ 
stome internally- All the genera included in this group are Jurassic and 
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CrotncooMg, oxcopt Pij^astridef^ • LovcSn from the Cftribbeftn Sea, 200-300 
futlioins. The fossil gonora are HoUctypUM'T)QsoTf PiUus Dcsor, Pygcuter 
L. Ag., Witliout the posterior b^al; Distoxdea KJoin; Conoclypcus 
L. Ag* OalcropyguB Cottoau is allied here; 

Sub-Ordor 4. CLYPEASTROIDA (Cake-urchins). 

Mouth central or nearly so ; onus outside the apical s) stem In tlie 
posterior iritcrrudius and is* either on the lower side or ot the margin. 
W'ith external branchiae and welhdeveloped jaws ond jaw skeletoo. 
'l*ubo-feot hoteropodous. Tlje e<lgo corona is usually close to the 

mouth and there are no perforated umbulacral plates in the peristomial 
incinbranc. Peristomial margin c\t)n.si8tg'Of 10 ambulacra! f and usually 
r> iiitcnunbulacrul plates. Teeth usually more or less horizontal, rarely 
vortical. Sphaeridiu are present, few, and covered. The test is usually 
Hnt, rarely arched <lorsally ; its margin may bo notched. Its cavity is 
travcrso<l by calearoous pillura and septa which pass from its upper to its 
lower wjiUb. The apicid system is much reduced. The nmdreporite is 
contra! (Pig. 150) and the basal plates are coalesced with each other und 
Homotimos with tho oculars. Tho madroporito may spread out on to all 
the apical plates, and the generative oponinga may descend into tho 
iritorainbulucrnl ureas (p. 216). There are at least four genital openings, 
iiHiiJilly hvo ; when only four tho posterior is absent. There are five petals 
(Fig. 152) with pairs uf pores, which puss out between tho plates aii<l uro 
generally yoked. There nro numerous small simple tubo-foet, each 
one ill relation with one pore ; U>r the urrangornont of these sec p. 215. 
The inUTuiiitiulucral plates may t>o interrupted (p. 217) and often have small 
single pores, at least on (ho lower surface of tho shell. The iiitorumbulacral 
inurginul peristomial plates arc single ; the porignathic girdle is discon- 
tiiiuoiiH. In the young state tho sheU is regular and there are hva equal 
ifiterradii. Cretoceoiis to the prcBiait day. 

Fain. I. Flbularlidae. Bmull inmis with rudimentary, widely open, 
few-porod petals, pores uf petals not yoked ; jaws rather liigh, teeth 
superior und slanting. Porignathic procifsscs broad, low, ono on each 
intemulius. Interainbiilacra small, terminuting in a single apical and a 
single iH^ristoiniul plate. Pcriproct usually on tho lower surface. Slightly 
developed vertical partitions within the test, limiting tho ambulacra at thoir 
side on theorul surface ond radiating towards tho peristome. A sphacradium 
ill each ambulacrum, covered. Echinocyamus van Phels., f and r, madro* 
porite witb only ono pore, pore-pairs not yoked. £!. pusiUus Gray, N.E. 
Atlantic and Hrit. Sous, McMlitorranean, etc. ; Sismondia Desur, Puna A. 
Ag. ; Fibularia Lanik. r and f ; Moulinsia L. Ag. ; Rotuloidea It. Kthoridgo. 

Fan). 2. Clypsaslrldas. Petals well developed; usually unequal ; 
uctiiiul furrows straight. Small ])oros scattered, generally on intoram- 
biilucra os well as on ambulacra and not specially confined to furrows. 
Interainbulacra actinolly discontinuous, one poristornioj and two apical 
plates in each. Sphaeridia, two in each ambulacrum, covered. Porignathic 


* 1^0von, i7i7i. SvfHhkt Akad, //and., 13, 1888. 

t In some ClypeustroitU two small tubo-foet, each with a separate pore, 
i;>erforate tho edge of oach pair of marginal ambuluorul piuUis (J. Miillor, 
op. cit.n p. 311). Those scorn to be tho only ropreeontatives of the morkod 
oral tub^feet of Spatongoids. 
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procoRsoa tall, narrow, two on oach niubvilarnini, filtinp in bolow the jnws. 
Gonitnl pores somotimcs nutsjcie the apical fiy»stein (sec p. 218). 

Clypcante.T Lnmk. (Fig. 172). Kcii Sea, In<lian Ocean ami \varin«'i- s('ji.s 
generally ; Diph>lhicarith\u> Diincan, Plet^ianthna Duncan, nil recent ami 

fos-'^jl ; Afiiuitnfiiii- 

thujs J. Hell, r. 

Fani. 3. Laga- 

nldae. Tc.^it flat ; 

jieliils iinc'jniil, tnir- 

rou . lnnrc*)lafe ; 

Hiiiliuiacra ’cvi.ml 

% 

t )ir»n \ i TN w iilo ; 
pt'r** jD.jrs f*'r hniii• 
i'IimI f iv\\\ 

l>«*?urfn thorn 
lu r minute* jioios 
f'T I ton- 

t I lltolTlMhi 

Niiuill. roMtinun^.H ; 

oivh \\ii\t a sinulo 

MpiiMl htdI 
iMDii pint**, I'ori- 
pr^'< t hi't\\<t‘n tlio 
p(M*isti>inr iitu\ pi»s- 
(orif*r tunr^'in. I*ori* 
(rnotl>ir pr<ioos?ir8 
un tfio 

rnihul pori:*li>iiii»il 
plato«, sitaatod 
to ho l>o\ und not 
lK‘h»\v tliO jawft. 
La'janiim Ivloin, r 


Vl\f \T 2 - CTttjy-i f'-r r.^ir.vM Afunult. and f. 

Kani. 4. Scut6l* 

Tost \'^ry flat, 'dton l^dtod r>r porh>ratod. Atuhnla^Tiil furri‘wa on 
1‘ ut-r hidt' hif«;r »>tiro: nml hrunohinc {pore-fa-ictut*); wmall pnroson aotinul 
Ki.rtii f(,un'.! ]i\ furrosvj^. Radiating partitiniH internally. M^cutella 

I.a- il., n I *»71. f; F^^ hirtamf^hnitt^ Lot^ke, r; Kchuw(h\icu^ Brey* 
niiw. f in 1 I : J . Au'., f and r ; Klein, f and r ; Lcnif^ 

Ui- r, 1 - .'/ f; lio(ul4i Klein, r; Ararhnoides BreyniuiJ, 

( ivtid r. 


S e* (Jrd.T o. SPATANGOIDA (Hoi\rt-irrthins). 

I'i st ftt'o 111 I*' or heart filuijH'*!. Month ivntral nr RiiboontroK or 
nf 111* V fU i iid 'f tlu‘ h»N%er Rurfaeo <if tho bholl. Anun outside tho npica! 
o>,*t •:.! in tho p^*^lerinr iiderradiu« (Fig. ir>3). External pills, jttws, 
u :'i I 40 i p^Titriuithous rini: absent. The plates of tlie shell nro not con- 
*:’i»’.d in to tlj4* p<TiHt(une. Sphaeri^lia pn'sent. Eiirpo sjunea are never 
iMutid 1‘tiHi i« ill sand ♦ la\ ulatMire fre(|uently pri*S4*nt. There is usually an 
uinhulti‘Tiil r> vrtte on the upper surta<*o ; sometimes with only four petals, 
ttie iuU4 tier aiiihu|ji(Tiim not being |»e(aloi<). 

\\‘hen the nioiith is shifltsl in the dire(tuin of tiu' anterior radius, it is 
trunb\er?«*ly elongfiteil an<l fiC'Sj'essrd 4.>n its liinJer border a lip foriitod by 
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the enlarged peristomial plate (labrum) of the posterior interradius. 
They are usually aand-burrowors and the tvibe-feet show considerable 
diversity. 

In the young state the form approaches that of the regular urchins in 
the position of the mouth and the form of the ambulacra. Jurassic to 
the present time. The Spatangidae are first found in the Cretaceous. 


(1 


Section 1. Astzbnata. 

Shell oval, mouth central or sub-central, without sternum and fascioles ; 
ambulacra all alike, simple or petaloid. Apical system compact or 
olongato. Interradii some or all with a single peristomial plate. With¬ 
out plastrons, with or without flosoelles. Through, the Echinoneidae 
they are related to the regular forms and through the Cossidulidae to 
the Clypeastrids. 

Fam. 1. Echinoneidae. An>bulacra simple, all alike, without petals. 
Mouth central, without floscello. Witli four perforated basal plates. 
Mostly begin in Cretace¬ 
ous, but a few in the ‘ * 

J urassic. Ech inocor. us 

Uroyn., f, Cretaceous; 

Lanieria Duncan, f ; EchC*- 
noneus van Phol., f and r, 

Caribbean Sea, Australia, 

Zanzibar, etc. ; Amblypy- 
gus L. Ag., f { Caracomzis 
Jj. Ag., f; Pygtiuius L. 

Ag., f : Pyrina Deem., f, 

Jurassic to Eocene; 

NucUopygus L. Ag., f; 

Anorthopygus Cottoau, f; 

Haimea Mich, f ; Oligo- 
pygus Do Lor., f ; Echi' 
nobrissus Broyn. {NucUo- 
lUes Lm.), f; Anochanus 
Orubo, r; Botriopygus 
<rOrb. f ; llariona Dames, 

f. 

Fom. 2. Csssldulidae. 

Ambulacra petuluid or 
not, closed or open below. 

Peristome with flo8<»llo (Fig. 173). With four genital poree, the bssols 
are sometimes fused ; the modreporite much extended. Jurassic to 
present day. Cassidulus Lamk., f; Echinanthus Breyn., f; Studeria 
Dune. {Catopygus L. Ag.), f and r; Clypeus Klein, f; Pygurus d’Orb., 
f; Echinolampas Gray, f and r; Conolampas A. Ag. rj Ksolampas 
A. Ag., r ; lihynchopygus d'Orb., r. 



JV 


FlO. 173.—Orftl rcffloD of CaiHduXus pacifism ihowloff 
phvll<j(ie» («ft«r Lov6q from b mooth; /•r 

radii ouinborc4. 


Suction 2. Stkbkata. 

Peristome excontric anteriorly. Sternum well developed. Anterior 
ambulacrum different from the rest (except in Ananchytidoe). Faaoioloe 
present or absent. Without floscelle. 

Fam. 1. CoUyriUdas. Without floscelle; apical system elongate 
(Fig. 102). disjunct; the two posterior rodiols being separated by a oon* 
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eiderable interval, wl)ich is occupied by aupplcinentary -plates* from 
the rest of the opical system. Anibuluern siniilari Jurassic* Cretaceous. 
All fossil. Dysastcr L. Ag. ; CollyriUs Dosm. 

Fam. 2. PlesiospaUngldae* FosaiL 

Fam. 3. Ananchytldae* Apical ay*dt6ni elongate or compact. Apotal- 
OU8. With or without an anterior groove. Echinocoryfi Breyn.* f; 

HoUister L. Ag. (Fig. 101), f ; Off aster Dcsor, 
f; CardiasUr Forbes, f; Urcchinas A. Ag., 



422-1,800 fathoms, Pacific; Cystechinus A. 
Ag., f and r ; 1,000-^2,000 fathoms ; Calymne 
^\^ Thoms., r, 2,050 fathoms, N. of Bermuda. 

Fam. 4. Spatangidae* Usually hearts 
shapeil and with an anterior groove. Apical 
system with four or less perforated plates; 
compact or with tlie inadreporito variahle 
in its posterior extension ; rndials five anti 
external. The tost is longer tiiau broad 


Fio 174.^Aptcal rogloDOf 

Qku purpureuM (ftfU'f Loven Irom 
Dcbfic). otx h(i&a\ ; mdp lUAd- 
repohtc ; i-K rudU nuinlxTcci. 


and bilateral symmetry is marked. Tho 
anterior anibuluerurn is always difieront 
from tho other four, which nioy bo potiiloid 
ahactinnlly. Fas<*ioles aro present in most 
goncro, but tlioy may be nl)sont ; oncl tho 


genera may bo grouped according to this 
feature and tlioir arningoment if pre*»ent. They begin in tho Ix>wor Creta¬ 
ceous, and roach their highest development at tho present day. 


Recent Gonern. 

Griiho ; VolaeopneusUM A. Ag., (^irihbcan Soa ; Ifemiaster 
Desor, f nnj r ; Faorifia Gray, China ; Linthui Morian, f and r ; ^'chizastcr 
ij. Ag., f and r; 

\'ni., f A ^ 

arid r; A. ^ 


Ag., f and r ; Moi^ 
rvpsh A, .Ag. ; [iris- 
Klio’n, f and r ; 

Gray, f ajul 
r : CiraN', 

f and r : A7na<j6ri’#- 
A. Ag. : liris- 
j... .\g., f and 
r; ^^pnUin*fu,^ Klein, 
f and r. pitrpurcn^ 
Lc.‘^kc. 5 -Tj’U) fens., 
tdiujinil Lslantls, 
North Sea, tic. ; 
Man fiii ' Jruy, f 
and r, 25 to 800 
fathoms; Eupn- 



a 17> - PourMwa ji<Hrfy$i (fre in Ticla^c, aUor Lov^n). 
.niiHl -vautv ; prr prricn.vt ; J, 4, 5 Ihlrd. fourth hud flllh In 
trrr.fJii. 


tO(jt4S L. Ag., I «uid r, AiiBtnilia ; Macropurui^lc.t L. Al-., f and r. Caribbean ; 
hacoyMitun.jus A. Ag.. Li,iop7,n4Mtr^ A. Ag. ; Ctonobi , 69 U 4 > A. Ac. ; Erhino- 
carJtum Cray, f and r. J.lt,.ral to ‘J..];;* fallK„ns. worUhvido ; JSrefjnia 

u ’ ^ futhon. 1 .. 

Tho following ofoapotalous : O'cnkopalurji.j A. Ag.. Antarctic; Palaeo- 


ECHINOIDBA* SPATANGOIDA, 


247 


hriHHXu! A. Af?., Caribbean; Aceste W- Thom., 000 to 2,000 fathoms; 
Acrope W-Thoin., HOO to 1,750 fathoms; Palaeotropus Lov6n, 82 to 375 
ffiis. ; Hamolampfts A.. Ap., 32 to 2,475 fme. ; 

ArgopaUujwf A. Ap., HOO fms. 

Fain. 3. Leskiidae* Test thin, ovoid. Api¬ 
cal system witli tlireo basaU fused into one; 
two largo goniUil p<ires upon contca) promin¬ 
ent^. IVdstonio in front, pentagonal, witJi 
live angiilivr }>uc*et\) ])lutes. A pcripotalous 
fa>i<*iolo. PaUiecMoma Loven, China. 

Fain. 4. Pourtaleslldae. Elongated and 
Ht>lotliurian-Iiko in appearance. Test thin, 
transpiii'ent. Mouth terminal in front. Anus 
behind, al>ovo the posterior projecting rostrum 
if tliat is prcBont, or terminiil on the uctinal 
siirfarc. Apical system variable, compact or 
clisjiiiiet. Feristomial margin also \*ariablo : 
in sonio R[K:ri<rs Lovcirs law is corrictl out, in 
iktliors it is not. Ainbtilarra not potaloid. 

W’ilh four or three genital openings. Plates 
for the most part with single ptircs : tube- 
U'ot hornoiopodous. Is the living ropresenta- 
tivo lif the Crotarcons genus InfuUi^itr 
Hag. Athiiiiit^ and Ihicilic, 345 to 3,000 fms. 

PourUitcAta A. Ag., Spotatjory^dA A. Ag., Echinocrepis A. Ag. 

Class HOLOTHUROIDEA.* Rea-cucuinbers. 

Elongated, v:onndikc EchinfMlfrnui loith a dcrmo-mv^cxdar 
Af>c/f/ uYi/f cwxtaininrj small isolalfd calcareotis 6or/ic^. With con^ 
traclUc tcniarlcs surrounding ihc mouth and containing; prolonga-^ 
lions of Oic uxiU:r-vascular sxjstcm. The apical system of platcji 
is not developed at any stage of life, atul the imfcr-V7^cntar />orc 

* J. M idler, Uch. SyMpUi digitaia u, uh. die Erztuguny von Sclinecken m 
Hf>U>thuricn^ llorlin, IH52. (i, F. Jaeger, De IfohthuriiA. Diss. Inaug. 

Znricli, IH33. Du Qiiatrofages, M5rn. sur la Synapto do Duvernoy, Ann. 
Sci. Nat. (2), 17, 1H42. A. Huur, Doit, z, NiiturgoH<*h. d. Synupta digit Uh , 
Dresden, 1K04, and Jena, 1805. Sornpor, Hulothurien, ItetAen in Archipcl 
dcr PhiUijnncti, JI. J, 1K08. H. Eudwig, ** The Holothuroidoa,** Aleni, of 
the Muatum o/Com/>. Sinology IIannird CoUege, vol. 17, 1804. Id. Ilolo- 
tiiim>idoa ** in Hronirs Klnaefn urul Ordnungen des ThierreieJuf, Bd. 2, Abt. 
3, 1H80-1H02. Thcs4, Hj., ** Report on tho Hulothuroideu,** Challenger 
Jteporte, Pt. 1, in vol. 4, 1882, and Pt. 2, in vol. 14, 1880. Id., ** liupurt 
on the Holothuroidoa/' liuil. Mue. Com, Zoot. Harvard College, 13, 1886. 

Perrier, Holothurios, Exptd. Ec, Travailleur et Talisman, 2, 1002, 
p. 273. A. Kowah^vsky, IJeit. z. Eni» d, Ilolothurim, Potarsbourg, 1807. 
H. Bomon, Entwick. d. Synunla, Jena, ZtUechrifi, 22, 1880, p. 176, H. 
Ludwig, Zur Entwick. <ler Holothurion {Cucumaria planet), Sitzber. k. 
Preuse, Acad. d. Wise. lierlin, 1801. E. Hc^'rouard, Kecherchoa sur los 
Holothuriee dos c6U>s de France, Arch. Zool. Exp. (2), 7, I88U, p. 665, and 
Holothurias provuount des cumpagnos do la Princouso Alice,’’ Ris. 
camp. sc. Monaco, Fuse. 21, 1002. Romanes and Ewart, Observations on 
tho locomotor system of Eehiiiodermata. PhU. Trans., 1882, p. 820. 



rio. 170,— Apiral r^dloii of Pour- 
OtUiia jeffreyfi (after l.ovt'n. 
from Dclasvl. (gz s<^iutal 
opcaiDg; mSp niadreporitc. 


PHYLUM ECHINODBBMATA. 


248 

ia usually ahaeni in the adult. The axial organ and generative 
rachis are not ’present. 

In the Holothiirians or sca-cucumbers the body is elongated 
in the direction of the long axis, at or near the two ends of which 
are the mouth and anus respectively, and the radial water-vessels 
are disposed in five equidistant meridional rows, extending from 
the oral to the anal pole. The mouth is surrounded by a row 
of tentacles nnd the animal lies with its long axis parallel to 

the substratum. Typically 
the mouth and anus are 
terminal, and there are five 
usually double rows of tube- 
feet which mark the radii 
and pass from the oral to 
the anal end of the body 
(Fig. 177). In such cases 
tlie symmetry is pentamcral 
and there is apparently no¬ 
thing to mark one side of the 
body from the other. But as 
a matter of fact there are 
two structures which are 
not radially disposed. These 
are tiie stone-canal and the 
generative opening. The 
generative opening, which is 
single, is placed in the centre 
of an interradius, usually 
niit far belund the tenta¬ 
cular circlet, and the stone- 

Vui 177. wKh extfntiM dcntrltirally i . • 

brancricd i*. Af {ttinn Canal IS in tliG miaaio lino 

of the same interradius. 
This intetnidius i.^ called dorsal. It enables us to distin¬ 
guish a ventral radius, a right and left ventral radius, and a 
right and left dorsal radius. Our enumeration of the radii of 
Hok'thurians (Fig 1H2) is the same as that adopted for other 
c!iis.ses. It is based on the assumption tliat the modreporitic 
interreidius is the same in all ca.ses. We need not repeat our 
warning (p. 119) as to the inadvisability of basing important 
speculations as to homologies on this assumption. It sometimes 
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happens that the side of the body carrying the three ventral 
radii and two ventral interradii (trivium) is flattened and modi¬ 
fied into a sole-liko creeping surface (Fig. 185), whUe the dorsal 
side with its two dorsal radii (bivium) and three interradii is 
arched. In such cases the tube-feet of the trivium have dis- 
ooidal ends and are suctorial in function, while those of the 
bivium are pointed and probably have a respiratory or tactile 
function : such non-locomotory pointed tube-feet are called 
ambulacra! papillae. It will be noted that the radii of the 
bivium arc not the same as in Asteroids and Echinoids (Fig. 


182, cf. with Fig. 83). 

The body may Iw circuhir, or pontaRonal in section ; when pentagonal 
the radii occupy the angles. More rarely the body is flask-shoped 
U»lina) or sphoricnl. The ventral solo may occupy tho whole len^h of 
tho nninml (Colochhtu, Stichopu^, MulUria otc.), or bo coidined to tho 
iniddlo portion {Vnolus, Psolidium). Sometimes tho dorsal intorradius is 
much sliortonoil {Ypnilothuria) and concave, the ventral surface Uung 
coiTcwpondliigly olougaUd and convex. In such cases tho oral ^id ntxirai 
polos nro upproximntod. In lihopalodina this modification is 
to lui oxtrciiio in that tho dorsal intorradius is practically obliterated. In 
this COSO tho iKidv is flask-shapod, the mouth and anus being closely np- 
proxiinnUHl, with* tho genital opening between them, at the end of the 
neck of the flask, ond the body appears to have ton radii. I^n other cases 
tho two ends of tho long axis are l>ont ventralwords so that 3 

anus appear to l>o on the ventral surface at each on o e a 
solo-like surface, finally in certain deep-sea forms 
dovelopod from tho dornul fturfoco of tho body* In Peychropo ^ ^ \ 

region of the body proiocts back over the anus (Fig. 186). and m 
dorsal lolies are dovolopcd over tho anterior port of tho body. In the 
pelagic form Pelagothuria (Fig. 180) o kind of umbrello is formed round 

t)io oral region. 


There arc three kiruls of ambulaeral appendages : the tubo- 
foet and ambulacral papillae already mentioned, and tho ten¬ 
tacles. 

The tentacles contain a prolongation of the water-vascular 
system, usually of the radial canals, and are modified tube-feet. 
They vary in number from 10 to 30. The number is usually 
a multiple of 5, except in tho Synaptidae, in which there are 
frequently 12, and is usually constant in the same species an 
even genus ; but there are genera and even species in which tho 
number is variable. In the Ecndrochirotao with ten tentacl^, 
the two ventral (adult) tentacles are usually smaUer than the 
others (Fig. 177). Tliey may be pinnate (Molpa.diidae, Synap- 
tidac), shield-sliajHid (Aspidocliirotae), or dcntritically branched 
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(Dendrochirotae). The tentacles and the part of the bmly 

The ainbulaeral feet terminate in a suctorial disc which i 
provided with a perforated calcareous plate, while the aiiibiila- 
[orv papillae have pointed ends and the calcareous p ates are 
reduced or absent. In the Klasipodidae calcareous platc-s are 
only evceptionnllv present ev.-ii on the feet. No sharp line can 
be drawn between these two kinds of nppeiidaaes ; and it is 
often impos.sible to say whether we have to do with the one or 
the otlior. The ambulncral foot are essentially locomotory, 
while the papillae are respiratory and sensory. The distribution 
of thc-sc structures varies considerably even in the same genus. 
They may be arranged in radial rows, wbieb may be single, 
doui.le or multiple; or they may be scattered on radii and 




yto i7fl._rAlrar...u* from tho Intepimcut ot nolotl.urUnR, a ..! 

t.f rfimrfPM. K.ipr«.HIi>R .VjfMpta 1 #sUK.l-llkc l.oUy . <l 1 i-i.t 

/M ifAund iPiipdfien* i C l»""kn ol C'Atnidftti. 

intcimdii alike. If there is a ventral sole, the three ventral radii 
arc provided with feet and the dorsid radii with papillae, scat¬ 
tered nr in rows. Sometimes the feet are absent fmm the 
median row of the .sole (some Elasipodidae. Fig. 1H4), and in 
F.^olu.^ the dorsal surface is altogether without ainbulaeral 
appendages. In the Molpadiidae Synaptidac and Pdago- 
ihurio both feet and papillae are absent, the tentacles being the 
b'lily representative of ambiilaeral appendages. 

There is a dermo-museular body wall, widen contains isolated 
caloun'ous spicule;! of various form (Fig. 178). Calcareous 
[ilates .'^uch as are found in other Echinoderms arc feebly if at 
all dcvelojied and no representatives of the oral and apical 
sy.'^tern.s of plates are found at any stage of life. The skin has a 
leathery ctmsisteacy and may be covered with warts and ridges. 
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In Myriotr<x3m8 and many species of Syim-pta and Chirldola it 
is thin and transparent. The body wall consists of a single layer 
of non-ciliated epithelial cells which carry a cuticle, a thick cutis 
which consists of connective tissue and contains the calcareous 
bodies, a layer of circular muscles which Ls often interrupted in 
the radii, five radial bands of longitudinal muscles (I'ig 181), 
each of which may be double, and finally the layer of peritoneal 
epithelium lining the body cavity (Fig. 180). The cutis consists 
of a ground substance containing branched cells and fibres. The 
calcareous bodies of the cutis are minute in size and definite in 
shape* : they have the form of anchors, wdiecls, rods, perforated 
plates, stools, etc., and their shape and arrangement is of im¬ 
portance for the determination of species. They are found in 
the cutis of the tube-feet, ambulacral appendages, and tentacles, 
aa well as in the body wall. In a few forms, c.g. Psolus, I herha, 
the calcareous bodies of the dorsal side arc large and plate-like 
and appear like protective scales. In the Dendrociiirotae in 
which the anterior part of the body is invaginablc, llicrc ate 
at the ba.se of the invaginablc part five calcareous ])lat<*s—tlte 
oral valves, which cover over the aperture when the proboscis 
is withdrawn. Similar plates arc sometimes found round tlic 
anus. Both oral and anal plates may bo radial or interradinl 
in position. 

Retractor muscles capable of retracting the anterior part of 
the body are found in the Dendrochirotac and some other forms 
{Molpadia, species of Chiridota and Synapta). They are muscular 
bands detached from the longitudinal muscle.s at about the 
middle of the body and inserted into the radial pieces of the 
calcareous ring (Kig- 179). 

The calcareous ring consists of a circle of ten calcareous pieces 
_five radial and five interradial—which surround the oeso¬ 
phagus (Fig. 181, 28). It is placed in the outer wall of the 
periocsoplmgeal sinus (Fig. 179) on the oral side of the water- 
vascular ring but aboral of the nerve ring. The interradial 
pieces of the ring may be wanting or there may bo more than 
five interradial pieces. 

The water-vascular system consists of (1) a circular vessel 

• In somo Holethuriurifl they appear to change their shape with 
advancing ago, e.g. Sticiiopus Japonicus, Ann. Zool. Japonensts, 1, 1897, 
p. 3S. 



252 


pnVLTIM echinodehmata. 


round the oesophagus placed aboral of the calcareous ring m 
the outer wall of the perioesophagcal sinus (Fig. 179); (2) five 


A ! 26 



Fjo 170.—Dl iKroin of a innKltu.llnal ewtion throngh the oral region of a Holotlmrian. T e 
uclioi, Miro.igh tt r .Jlu* on tlie right side, and through an IntcrrudJua n" *• '* 

Krom Un^». J (Mitw. 2 cftodenn, 3 or»l UoUcIo ciU otf. 4 taiial or the oral 
6 of the oral t« ntaclc, 6 louUcIc iiffvo. 7 clrcumoral nerve. 8 oral f^oriion o 

pcritiij iijliuhjfjil tlniu. ^ month, JO €>odopri%gi». li ponocaophaffonUlnue. 
plcrcol ejiUiiroma ring. ;J elrcumoriAl wotor vwcular vcAsel, 14 no-ealled Mood-tilar 
ring, J5 voutrallnUninal vcascIoI tho ao-callctl viweiilaray^tem. 16 einltiehum of allmtn- 
tin* cunal 17 polian vtaiiclc. J8 ainp^Ua ot oral tentacle. 19 f►i•nt•neal epitliclmm. so 
circMlar imiM-lefi of Ik«1v wall, 21 iHnly-oAvUv. 22 ond 26 radial vewcl of vwcular aynten^ 
24 r.idlal trunk of mivernoial nerv^-us 24 radial oplneiiral cAnal. 2S mdml pen- 

haemal canal. 27, 29 radial caiud of water-vasmlar ny^teni, 28 longitudinal uiu^clca. JW 
ratllal piece of calcareous ring. Jf retractor iim^cle. JJ? dorsal InlcsUiial vessel of vaacuiar 

SVBU'CZI. 


radial vessels which travel oralwards to the anterior end of tho 
body ond then aboralwards in the radii of the body wall, just 
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outside tho longitudinal muscular bands, to the apical pole, 
where they terminate blindly in the integument near the anus. 
There is no projecting terminal tentacle as in Asteroids and 
Eehinoids. The radial tranals are five in number; they are 
absent only in Synaplidae. The circular vessel has two appen- 
dages-thc polian vesicle and the stone-canal. Tlie poUan 
vc.siclc (Kig. 181) is generally single and may be of large size; 
it is usually attached to tlic circular canal in the left aduU- 
vontral interradius. Exceptionally, additional polian vesic es 
are present, generally in the adult-ventral region of the bo y. 
The Klonc-eanal is usually single (always in Molpadiidac, Pe a- 
gitliuridac and Elasipodidae), but in the Synaptidao, ® 

ehirotae and Deiulrochirotnc it is occasionally multiple. When 
it is single it Ik^s in the dorsal mesentery ; when multiple the 
primary canal alone is in tlie mesentery, and the accessory stone 
canals which arc very variable in number (2 to 160) project, 
mostly from the dorsal half of the ring-canal and on either si 
of the mesentery, freely into tlie body-eavity into which they 
open (see below). Occasionally the primary stone-cana is m 
dependimt of the dorsal mesentery, and projects into the bm y 
cavity on the riglit-hand side (many Aspidochirotae). » a 
species (Tki/one chikmis, Synnpia heselii) the stone-cana is 
hranched, with a body-cavity opening at the end of eac i >rane i. 
The wall of the stone-canal is without inusdcs and usually 
contains calcareous deposits ; the internal lining consists o 
ciliated epithelium which on one aide of the tube is compose 
of much more columnar cells than on the other. The ternnna 
lion of the stonc-canal presents the most remarkable variations 
In some it is attached to the body-wall and opens to Uie exterior 
in the dorsal middle line jast in front of the generative opening 
cither by a single pore {Pelagothuria and some Elasipoduloe) 
n** by more than one pore (2-50 or more, many Elasipo i ae 
In other cases (certain Ehvsipodidac and Molpadiidac) the stone- 
canal ends blindly in tlie body wall in the dorsal middle me. 
and opens not to the exterior, but into the body-cavity jy 
number of pores whic^h perforate its walls just Ixforc its > 
end. In all other Hololhurians it has lost its connexion to the 
body wall altogether, an<l opens int<i the body-cavity )y a a g 
number of pores placed upon its slightly swollen termina lo 
It is remarkable that Bpccic.^ of the same genus may di cr in 
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mode of tenninatioii of the gtone-caual, as the following state¬ 
ment sliows. 


Tlio Blono-cnnal opon^^ to the exterior hy a single pore in Pelugothunn 
ami in of tljn following genera of Elaaipoilidan, Scoityplancs^ Kolo(i% 

Paulpidio, KlpiJin, Prfnugone. Bcu(hodf/k>i ; it opon^j to the exterior by 
riioro iban ono pore in ttio following genera of EloaipoJiJae, BcnthodyUei, 
^ Lovtmotjoii \ Iliodacmon : it ondi^ blindly in the body wall, 
opening into the biidy-orivity by Kovera! pi»r09 close to its blind end in 
spocit'sof the folli>wing goiiern«'f K\a<i\nKlidt\o Irpu, ElptUia^OticiropfutnUit 
OrjdtnuripL^ BinthodiftcH. and in tlio rnolpudian gt'iiora TrochoMtorM 
and Anhyrodirrrni. In other MolpadiMao, in Synaptidao and Dondro- 
chirotae it opens into tho hotiy-cavity aa in tlie last riarnod, but is without 
the blind partuii<l the connexion to the skin ; hwtly in tlio A«pidocluro- 
tae Ih*' numerous p'»r«'s lea^l the body*ravity into u sac with 

which the fitono-can,»l •••>minunical»*s by ono or more oi^onings. It is 
po,^^ibl>* that this last arrangement gives the ki‘y to llio explanation of 
th.eso strange variali^mH in the leriiunation of (lie stono-canal. As has 
Imvu fiiUy closiTibcd tht* stunonaiud in other KehifU)derJns does not open 
lo the extori o, but into a portion of fho boily-cavity, the oxiol 
sinus, uliii h i.»jvns tn th«‘ exterior by tlio wator-poro or pores (nmdre|>orite) 
an I u di.Tivcd fr‘»ni the anterior body-va\ity of the larva. In adult 
Ilni aliurians l)i*Tf> is appurt^nlly no !r*n o nf axial sinus or other dorivotoof 
fli'' Ulterior bouv-*'avity. Ihit in the larvae, as Hiiry has shown, d ropre- 
sanialive of tlu-i cavity vvhi^ h has the a[>p« .natuo of being merely a sinull 
uTMa’rul.iC' of I ho sioneM uiiul tp. 1’>*J. bis) is present. It is possible 
(hu: th ' riue, into whi^'li tlie 8t‘aie-<‘unal of ll»e Aspidochirotae o|hmis ond 
tie* amall rlil.itatiMn into which the bodv-eavilv pores lead in suino other 
forms, is tlio re[>resentativo of tiu* anterior body-cavity, which in other 
ib«lotlutriiius is so imii'ii reduced that it is nv»t even discernible os a 
dilatiUi^ai i'ii ihc >u»ne-caiud in the adult. On this xiow tlio pores of tho 
—rall'‘d it tenial mudreporito ore seouidarv perforations in tho soptuTc. 
vvlie li Kcpmaios tla* rmich-roduwd antcrii»r iMuiy-cavity from the general 
b«al\ -.M\ ity, llio r« al vvater-poro being alaa tcii ; whereas in Holothurians 
vvttli ati cxt'Tn.il Tnadrcjiorite, the vvalor pore <if tho lurx'U hu.s persisted, 
hill tli»* ant* rii^r body-cavity into whicli it ujxuis liod bccomo indistiogaiflli" 
ii\i\o from the slouc-carifd. 


Tlio nppenrlagc.^i of tlie radial canals consist of prolongations 
into the tube-feet and tentacles, and (if some prolongations which 
ramify and end Mindly in tlie body wall. The tentacular canals 
arise froni the radial canals soon after their origin from the 
ring canal (Fig. 170). They are provided (except in Eloaipodidac) 
with ampullae uhich project into the body-cavity. In the 
S\maptidHe alone do iliey arise direct from tlic ring canal. The 
tube-feet pnilong.ations arise altcrnat(.'‘ly on each side of the 
radial canals;. Ampullae are always present and either project 
into the bwly-cavity or are embedded in the body-wall between 
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the cutis and circular muscles (Klasipodidae). There is appar 


catly no representative of the axial organ. 



Kfo, IftO.— DlAgrnm of a tran^venc M^rtion through tho Ixxly^waJi of a llolotliurlan in iht 
n*ghin uf a rA*li(iK (aftor lii Jaifc aoO Jl^rouordh <l<*rifit» ; eti.pd cavity of tiit>c-ffK)t; 

en.rd radial wait r-vaacular vcamI ; ev.4p coliicural CAvJty ; tac.p lacuna In tho t»k[n i 
rU radial vju^ciilnr Ktr.iitcJ ; mdx cfrculur inuttcleii ; wd cn rnu^cl<*fl of tho rndkal 
water vi*wl ; mdJ longkludliial tiiuaclo of tho radliia ; mudclL'O of tube-foot: 

nh nerve cord of orol H>aU*in ; n.pd |>e4u1 norve ; r6.n nidiak nt rve of ccloncural 
ayaiem ; win rd radial iKrnliHonial canal ; n/.p akclctal tdc«:ca of tho derutU ; 

$g.prU akektal |dcco of the iuckcr of a foot: rrt $»d ampullA ; Wr valve » ra< oucker. 


The central nervous system presents two parts only, tho 
cctoncural ventral system and the deep oral system. There is 
apparently no apical system. 

The ventral system consists of n circumoral rinjj and five 
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radial prolongations, and lies as in all other classes in the ecto¬ 
derm, but the ectoderm containing it is separated from the 
surface and forms the lining of an epineural canal (Fig. 180, 
cv.t'p.) as in Ophiuroids and Echinoids. The circumoral part 
(Fig. 179, 7) lies immediately round the mouth in the mner 
wail of the circumoral part of the epineural canal (not shown in 
the figure), and the radial nerves extend along the whole length 
of the radius almost as far as the anus. This system gives ofi 
branches to the tentacles, tube-feet, and skin, and, from its 
circumoral part, to the gut. In the skin there is a subepithelial 
nervous plexus in the dermis. 

The deep oral system is obscurely double (Fig. 180, nA). It 
lies in the outer wall of the radial perihaemal canal, to the 
epithelium of which it has the same relation as has the ecto- 
neural system to the ectoderm. It is so closely applied to the 
radial cords of the ectoneural system, that it was not till the 
publication of Herouard's important work on the group that 
the two were distinguished. It extends along the whole length 
of the radius and is without any circumoral part. 

Sense organs. Integumentary sense organs are of course 
present, but there does not appear to be an organ for the per¬ 
ception of light. Otocysts are present in the Synaptidao and 
Elasii>odidae. In the Sjmaptidae there are five pairs of them 
placed on the radial nerves at the point where these pass beyond 
the calcareovis ring. In the Elasipodidae they are more 
nununous (from 14 to more than 100) and they occur along 
the course of some or all of the radial nerve trunks. They 
have numerous small otolitlis and a ciliated lining. In the 
S 3 ’naptidae the otoliths are vesicular cells with a fluid con- 
tf'nts and collapse and disappear when the animal is placed 
ill spirit. 

The alimentary canal. The mouth, though really terminal, 
may in consequence of the curvature of the axis appear to be on 
the dorsal (P^o/as, Theelia^ PsoUdium, Colochirus) or ventral 
(many Aspidochirotae and Elasipodidae) surface (see p. 267). 
It is without any armature of teeth or papillae and is placed in 
the midst of the tentacular circlet. It leads into the oesophagus 
which a little behind the water-vascular ring is continued, often 
without any marked line of demarcation, into the stomach. 
The stomach is short and tubular and is continued, again often 
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without any marked line of separation, ix\to the intestine. The 
intestine after a short course backwards turns, forwards and 
extends to near the front end of the body (F g. 181), where 


it again bends 
backwards to 
pass to the 
rectum or 
cloaca, which 
opens by the 
anus at the 
hind end of 
the body. The 
alimentary 
canal is con¬ 
nected to the 
body wall 
along its whole 
length by a 
mesentery 
which is 
mainly de¬ 
rived from 
the dorsal 
mesentery of 
the larva. It 
is therefore 
larval - dorsal, 
but in the 
adult its at 
tachment is 
different in 
the different 
parts of the 
tube. The 
first reach of 
the alimen¬ 
tary canal, 
consisting of 
oesophagus, 
stomach and 
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antenor part of intestine is attached by a dorso median (adult) 
mesentery (Fig. 181, 26) to the body wall in the dorsal inter- 
radius (Fig. 182, Af At the first bend (he mesentery passes 
across the left dorsal radius to tlio left dorsal interradius, 
where it is attached all along the second or fonvard reach of the 
intestine {M 2 ). At the second bend the mesentery passes 
across the intervening radii and interradii into the rigiit ventral 
interradius, where it is attached all along the tliird bockwardly 
directed reacli of the intestine (il/ 3 ). In SynapUi the aUinentary 


DORSAL 



Flo. Iri2 - Di^f^mniatic iraniiverttc section 
Uirousib rv Holuihudao from the 

• . to dhow the course of the gut, 

thd ftttAchincQt of the mesentery snU the 
cnumtraliou of the raiiK udoi'lcd In the 
text. The vertloil dotted line givc^ tJ>e 
position of the median plsno, and the x 
tno position of the trsnsvenely cut vcrlJ- 
cal J 2, j represent the three 

eUolchca Mf the slimcnUry canni.and Mu 
ifr iTJ ^ meicnt4*ri« ntUclung them, 
t'i , _ Uisrk the radii ouitihcrcd, and 
the Int-Tradil. IRj U the doPi»al 
Interradius of the blviuin. ^Jilch conUins 
tno waUr*r>ore and generative opening 


canal is straight, but as is 
shown by the attachment of 
the mesentery it has the same 
spiral course round the body 
wall as that just described. 
The anus, whicli is typically 
terminal, ma}', like the mouth, 
be apparently shifted on to 
the dorsal or ventral surface. 

The wall of the gut consists of 

(1) an internal epithelium which 
has o cuticle and may be ciliotod, 

(2) a loyer of connective tissue con- 
toining blood spaces. (3) a muscular 
layer consisting of longitmlinol and 
circular fibres, (4) an outer connec¬ 
tive tissue layer, and (5) the peri¬ 
toneal epithelium. 

The respiratory trees (Fig. 
181) ore two hollow much- 
branclied structures placed 
right and left in the body 


cavity and opening together or 
by separate openings into the cloaca. The ultimate branches 
of t)m organ end in ampulla-like dilatation.^ which may also be 
found along the course of the branches tliemselvca. 


The V.a)l« consist of (1) fl„ inner, probably ciliuto<l. epithelium often 

taiZr r the cavity, caused by cells con- 

laverfn present; (2) a connective tissue 

la or. (J) a muscular layer, (4) an outer com.ective ti>.suo layer, imd (5) 

cae'^with r hT respiratory tre.s do not c^mmuit 

Ewld doe S^■naptidao and 

Elusipodidae. but in the latter group there is a forwardly directed caecum 
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which opens into the cloaca and may represent them. The number of 
respiratory trees is never more than two, the apparent exceptions to this 
rule being caused by some of the branches acquiring a great distinctness. 
Thd function of these organs is probably respiratory, the cloaca apparently 
having the power of sucking up water and of driving it into them, and then 
of expelling it. Rhythmical inspiratory and expiratory movements of 
the cloaca and to a certain extent of the body appear to effect this. They 
may also be partly excretory, for the expelled water besides cairyuig 
faeces also contain various kinds of cell debris including cells with brown 
granulations, which probably originate on the walls of the “trees.” 

The cuvlerlan organs (Fig. 181, 14) are tubular organs which open into 
the terminal parts of the respiratory trees. The number varies in different 
species, but as many as 100 hav’e been counted in one individual. They 
are usually unbranched, but they may be branched or even racemose. 
They are found mainly in the Aspidochirotae, especially in the genera 
Hololhuria and MiilUria, but they appear to be entirely absent in Lein- 
dodemas, PeeudoelieJiopus, PculopatuUe, and Stichoptm (St. paradoxus 
excepted). Tliey are unknown in Synaptidae and Elaaipodid»ie and arc 
only exceptionally found in other families (e.g. Molpadia chiUnsis, 
Cucumaria /rondosa and nigricans). They are probably to bo regarded 
us modidod branche.s of the respiratory trees. The unbranched tubes 
are lined with an epithelium, outside wluch is a layer of connective tissue. 
This is followed by an internal circular and an external longitudinal 
mmcular layer, the internal circular layer consisting of o clo.soly wound 
spiral fibro. Then comes an outer connective tissue layer and finally the 
peritoneal epithelium, which in the cose of the glandular cuvierian organs 
ap 7 >ear 8 to be peculiarly modified and to secrete a sticky substance. In 
some Holothurians (the so-called cotton-spinners) the cuvierian organs 
con be ejected from the cloaca when the animal is irritated and used us 
organs of defence. This phenomenon has boon studied in Hololhuria 
nigra (forskali),* and in H. po/i.f and in otlior forms-J When the akin 
is irritated a small number of these organs make their way, blind end 
forwards, through a rent which is formed in the dorsal wall of tl»e cloaca. 
On emerging from the onus they rapi<lly undergo elongation to twenty or 
thirty times their original length, darting about in all directions and be¬ 
coming attenuated in the process. They stick by tlioir viscid surface to 
ovarything they touch (except the surface of the animal itself) If the 
Holothurian now moves away they become detached from its body by 
rupture. The cause of the active elongation and movomoiitof the tubes 
is not clearly known. It is not apparently duo to injoction of fluid from 
tho respiratory trees because it can take place if the tubes are detached 
from tho animal. It would appear to )k> caused by some process taking 
place in the wall of tiio tube itself. When first ejected each tube is 
thicker at the free end than at tho base. Tho elongation oppeare to take 
place at tho expense of this “ head ” which diminishes in length during tho 
process. Tho elongation is said to begin wliilo tho organs are still in tho 
body-cavity and can be brought about by direct irritation of the tubes 
themselves os well os of tho skin. Tho tula.'s after olongotion cannot be 
shortened and must therefore bo cost off, new tulxjs being presumably 


* Minchin, Ann. and Mag. Nat. Hist. (6), 10, 1602, p. 273. 
t Bartiuils, Verh. Nat. Ver. Bonn, 03, 1890, p. 76. 
t Semper, op. cU. Peach, Ann. and Mag. Nat. Hist., Iff, 1840, p. 171> 
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forraocl from the respiratory trees. The branched cuviorian organs have 
not got the \’i8cid wall and their function is not understood. 


The coelom presents the usual main divisions, viz. (1) the am- 
bulaoral system (2) the periv’isceral cavity, and (3) the perihat^ 
mal spaces. The ambulacra! system has already been described. 

Tlie perivisceral cavity is spacious and is traversed by the dorsal 
(larva!) mesentery (see p. 257), and by mu.scular and connective 
strands. It is lined by a ciliated epithelium and contains a 
corjnisriilated fluid. It lias so far as is knotvn no communica¬ 
tion with the e.xterior, but in many Holotliurians it communicates 
with the water-vascular .system through the so-called inner 
madrei*orite. 


There is n Bpecinl sedion nf llio body-cavity round the oc.BophagU8, 
called tlio pcriocBopluige.d .«tiiina (Fig. 179, S. 11). Tliisia separated from 
tho rest td the body-cavity by h ninmbruno, which however ia in moat 
cases perforated by apertures putting it in coiiuuunicotion with the general 
body-ortvity, and it is truruersed by struiul.s nf tissuo passing from the 
wall of tlio oesophagus to this out<*r wall of tlic sitm.s, except just round 
the month opening where it ia free from trabeculae and constitutes the 
peribiiccftl sinus, fn tlie FbLsipoditine thfj <'Ut*‘r inomt>rrtiie ia coinpletu 
and tlie periuesophngeril sinus ib completely .‘■luit olT from the rest of tho 
botlv-oav ity. 

In the Synaptiila(> there is a mmilu'r of funnel-shapod ciliated organs 
attached I';.- a stalk to tlie inc.-jentery and body w.ill. Tlio cavity of these 
nrgnn.w. which is freely opcii to the boily cavity, is linixl hy ii c»liato<l 
e( ithclium and ends blimlly m the atnlk. Tlio stalk may be blanched and 
carr' fuiint*N. 


i he perihaenial spaces, which aro alnuist cciliiniv parts of 
the (‘■•lii.jii, :iie iii|E-il liy a (hit opithelium ;iiui contain a fluid 
^illl'lar (o iliaf id the hi'ily-. nvity Thev e.in.^jsl of five nuiini 
‘ Oials (h'ig. IS'I j-l .. e.l just internal to the radial nerves. 

Iui\vi.ii! f![ese .111(1 ihe I'iidiai tthu»(-\e-.^els, A ciri'U tin iral jieri- 
h.HMi.il i.iri.d li.tM lif-i-M rt.sirihcd in Minu* cases {St/napta, 

In the r-vMuptuhie the perihaemd eunul» do not oxtoiid very far from 
the oral n v:..n. imil 111 .. (•irrtm,...-,v| p, rihaem.il spaie i.s eeporated by a 
]* urn r'*ni tfx* rix«iiiil (»«'rilMh'ruat perillaomul apaees appeor 

net - • • emnmm.-ni. uitl, the peris iMsity. 

Ihe vascular systeie. Imiuediatcly abonul (Fig. 179, J4) 
of the water-vasi iilar ring the circumoral vessel of the so- 
called vascular ey.Hl,.,„. This .s,.,„l.s otf to cacli radius a vessel 
which extends to tli.- ah. ral end of tl.e hcnly just external to the 
water-vascular cau.d {1.'!^. l.sn, Ur.nl). 'u is also connected 
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with two intestinal vessels, one of which lies on the mesenterial 
side of the intestine close to the insertion of tlie mesentery, and 
the other on the op¬ 
posite, non-mesente- 
rial side (Fig. 181). 

In many Holotliurianiii 
(most Aspidochirotac, 
some Dendrocliirotoe 
and Molpadiidae) tho 
dorsal gut vessel (moson- 
terial) becomes detached 
in part of its course from 
tho iiitestinol wall (Fig. 

183)» but reinuins con¬ 
nected witli tho b]o<><l 
lacunae in the intestinal 
wall by n plexus of vos- 
8 oIh puasing across tho 
body-cavity. Thin plexus 
is tho re(e mirabile. Tho 
dorsal vessel and ret*' 
inirabilo lie un tho sanic 
Bide of tho mesentery- 
It often forms a kind of 
well which loosely in- 
vestB tho terminal brun¬ 
ches of the left respira¬ 
tory tree. Those vessels 
are connected witli 
lacunae in the walls of 
tli« neighbouring organs. 

I'he intestinal vessels 
arc eoriiiecto<l with 
lacunae in tho inner con- 
nectivo tissue coat of 
the oliihontary canal ; 
tho circular vessel sup- 
plicH the tentiu.*iilur 

nurinls. the stone <'anul i.iiuliv ffrom 

oncl tJie politin veaiclo, Fio (’"‘ii.u njiJ't “'o 

the and 

oftoii tho gonud : tho iK>ll»n vesicle . ™ ^mler-^ojuulnr canal . 3/ 

radial veaaeU gi^o off 
brandies to the tube- 

loet and pupiiluo ; and fho 

lastly tho lof.'unuo in tho walls of tho g>>inid Jimy ho snpp » 
dorsal (mosonterial) intestinal vessol, or from tho «-iroiuar \otwe 

Tho vascular system is composed of tissue sinular to tlmt 
found in Asteroids and Echinoids, hut eoutaituug Ittltrr (i mt. 
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ohannelB. The vascular trunks though called vessels are 
nothing more than a system of communicating spaces or bundles 
of anastomosing tubes. They are without any epithelial lining, 
and contain a coagulable fluid. 

Reproductive organs. The Holothurians are for the most part 
dioecious, hup a few of the Synaptidae and Molpadiidae are 
hermapliroditc (ova and spermatozoa arising in tlie same tubes). 
The gonad is single and lies in the adult-dorsal interradius 
(Fig. 181). It consists of a tuft of branched tubes projecting 
into the body-cavit}', on both sides of the mesentery (on the 
left side only in Holothuria, Miillcria, Labidodemas and some 
Elasipodidae). The genital duct lies in tl\e dorsal mesentery 
and opens to the exterior in the middle, adult-dorsal line in the 
anterior region of the body. In the Dendroelarotac it is between 
two of the tentacles or even within the tentac\ilar circlet; in the 
Molpadiidae and S 3 Tiaptidae it is immediatelj' beliind the ten¬ 
tacular circlet; it is furthest removed from the tentacles in the 
Elasipodidae (in PsijekropoUs longicauda it lies in the posterior 
half of the body). The genital duct is alwaj's single, but in some 
Elasipodidae it divides so as to open by several apertures (in 
some species the number varies in diflerent individuals). The 
genital opening may be at the end of a small papilla. The 
genital rachis, if present, is represented by a cord near the 
genital duct (p. 132). 

As a rule there are no external sexual differences, but the sexes 
can sometimes be distinguished by inspection of the generative 
organs. In a few species the male alone possesses a genital 
papilla {Thtjone aurantiaca, Cucuniaria hevigata, etc.). In the 
connective tissue laj’er of the wall of the gonad, which lies next 
the inner epithelium, tlicre is an extensive development of tlie 
lacunar spaces of the hlo(xl-s 3 *etem. 

Thej' are all marine, and witli the exception of one pelagic 
form {Pclagolhunn) they live on the sea bottom, usually attached 

to external objects bj' their tube-feet. Most of them are able to 
crawl by means of their tuhe.-feel, tliough many of them move 
but little. Many of those which have been observed are said to 
be more active during night than in tlie da^^ time, but no visual 
organs are known. They arc found in aU seas and at all deptlis, 
many being littoral and a considerablo number ab\’ssal. The 
Elasipodidae are almost entirely deep-sea forms. The Synap- 
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tidae and Molpadiidae, which are without tube-feet, are 
burrowers. 

The skin in some forms secretes a slimy substance, which in 
some cases appears to be used for entangling small food organ¬ 
isms. In Pseudoalichopxia mollis and occultatua the body is 
covered with the shells of Foraminifera. 

They feed on the smaller marine animals, which in the 
D&ndrochirotae are collected and carried to the mouth by the 
large tentacles. These tentacles are used for this purpose one 
at a time. The two small tentacles are applied alternately over 
the mouth so as to close it or wipe it in the intervals between 
tlie introduction of food by the large tentacles. The Aspido- 
chiroUit fill their intestine with sand, which they eject from the 
anus together with the current of water from the respiratory 
trees. It is worthy of notice that many Holothurians (especially 
the Aspidochiroiae) have the power when irritated of ejecting 
through the anal opening the alimentary canal (and its appen¬ 
dages) wliich breaks off behind the vascular ring and in the 
region of the cloaca. They are able to regenerate the parts so 
lost, 8omctjmc.s with considerable rapidity. In some cases this 
ejection includes the gonad, the calcareous ring and tentacles. 
The ejected organs seem to bo distasteful to other animals, and 
if taken uj) arc soon rejected. This ejection of the viscera is 
said not to occur in Cucumaria or in the Eioaipodidae. In the 
Syiuiptulae the body, when irritated, breaks into several pieces 
by violent muscular contractions of the body wall. The an¬ 
terior of the pieces so produced is able to regenerate the rest of 
the body. Asexual reproduction by division is said to take 
place in Cucumaria planci, etc.^ 

Of parasites found in Holothurians may be mentioned Ento- 
valva mirahilis, a bivalve mollusc living in the pharynx of 
species of Syuapta (vol. i. p. 349), the Gastropods, Eulima and 
Slylifer in the gut and on the skin of various Aspidochirotae, 
Entoconcfia in the body cavity (Synapta and Holothuria), and 
Entocolax from the inner side of the body wall of Myriotrochus 
rinkii (vol. i. p. 403). Finally the remarkable commensal 
Ficrasfer, a Telcostean fish, lives in tlio right respiratory tree 
of Aspidochirotae (vol, 2, p. 227). 

They vary in length from 6 to 60 cm. [Cucumaria fremdosa 

• CliadwicU, Proc. and Trans. Liverpool Biol. Soc., 6, 1891, p. 81. 
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Gunn.) but the Synaptidae may attain a length of from one to 

two metres. « . , t 

CerUin species of the genera Holothwia and form 

an important article of commerce in the East, being used y 
the Chinese for the preparation of a highly esteemed soup, etc. 
They are known as Trepang and Bcche de mer. 

They are not suitable for preservation as fossils, but remains 
of their spicules have been described from the Carboniferous, 
the Jurassic, the Cretaceous and the Eocene formations (Synopto, 
Chiridota, Myrxolrochtts). 

The development is sometimes direct, but more usually there 
appears to be a bUateral larva caUed Auricvd<iria which arrives 
at the adult condition by passing through a barrel-shaped 
pupa stage. In Phyllophorm uma Gr., Synapta vivipara 
Oerst., and Chiridota rotifera Pourt., the eggs make their way 
into the body-oavity, where they are fertilized and undergo their 
development. This phenomenon has been examined in the 
case of Synapta tntnpara by Clark * who states that the e^ 
escape into the body-cavity through the walls of the genital 
tubes and that the spermatozoa make their way into the sea 
tlu-ough the genital duct and then enter the cloaca, through the 
walls of which, either by means of fine pores or by actual pene¬ 
tration, they enter the body-cavity and fertilize the ova. The 
young escape from the body-cavity by rupture of the body 
wall or of the intestinal wall. In some forms the eggs are 
received into two ventrally placed pouches {Cunimaria rninuio 
Fabr. {glactalis) and laevigata Verr.), in others into a dorsal 
pouch (Pso/iw ephippifer \V. Thoms.). In some they are 
attached to the dorsal integument {Cucumaria croc€a Less.)» 
and in Ciicuman'a planci the eggs are retained for some 
time amongst the tentacles. As a rule, however, both ova 
and spermatozoa are spawned direct into the sea, and 
the young are developed mdep>endently of the mother. Direct 
development within the egg membranes occurs in Cucu- 
maria kirchsbergii (Psolinn.s brevis, Kowolevsky, op. cit.)^ and 
possibly in those forms which develop in brood-pouches. In 
PhyUophorus uma (Kowalevsky, op. cit.) a ciliated larva is formed, 
which swims about in the body-cavity and possesses 6 tentacles 
ftnd 2 tube-feet when it leaves the parent. In Cucuviarxa planc% 

• 3ffm. Bo$tQn Not 6» 1898, p- 63* 
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the embryo passes at once into the stage of the barrel-shaped 
larva. It is said that the eggs of Cucumaria kirchahergii are 
already fertilized when they leave the body of the mother. 

With regard to affinities we think that there can be no doubt 
that the Holotburians must be placed apart from the three 
preceding classes of Echinodermata. They differ from these 
in a number of anatomical features which we cannot but regard 
as of fundamental importance. For instance, in the embryo, 
the inconspicuousness of the anterior coelom ; in the adult, the 
absence of radial repetition of the gonad, and the absence of 
the axial sinus and axial organ, and the absence at all times 
of life of the plates of the apical system. The absence of 
pentamerouB structure in the alimentary canal cannot be re¬ 
garded as so important, for the same negative feature is charac¬ 
teristic of Echinoidea. Neither can the fact that the blastopore 
gives rise to the permanent anus, or that the larval mouth 
and anus both persist into the adult, be regarded as of funda¬ 
mental importance having regard to the varied behaviour of 
these structures in other animals. But although it is undoubted 
that the Holotburians must be placed apart from Asteroids and 
Echinoids, still it cannot be said that they approximate to the 
Crinoids, for those very features which separate them from the 
first, separate them also from the last. The anterior coelom, 
the radial repetition of the gonads, the axial organ and the 
apical plates are all present and well-developed in Crinoids, 
though the anterior coelom disappears in the adult. Indeed we 
may go further and say that Holotburians stand further from 
Asteroids and Echinoids than do the Crinoids, for whereas 
Asteroids and Echinoids agree with Crinoids in the above- 
named anatomical characters, the only point of importance 
which they have in common with Holotburians and which is not 
also found in Crinoids is the form of the free larva. For these 
reasons we hold that out of the primeval matrix of the Echino¬ 
dermata three main groups have emerged and persisted to the 
present day; these are (1) the Asteroids, Ophiuroids and 
Echinoids, (2) the Holothuroids and (3) the Crinoids. 

Order 1. Aotinopoda. 

All external appendages of the wat«r-vaacular system arise from the 
radial canals, and havo tho form of tentacles round the mouth and of 
ambulacral feet and papillae on the body. Tentaclee are always present, 
but feet and papillae may be absent. 
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8ub-ord«r 1. ASPIDOCHIROTAE. With 18-30 shield shaped tAntecfc# 
(except Molpodiidae). Ampullae of the tentacular canals, respirotory 
trees, and cuvierian organs present or absent. Without retractor 
muscles of the pharynx (present in Molpadia). 

Fam. 1. Holothurlidae. Body cylindroidal. Solelike ventral surface 
usually but slightly developed. The ampullae of the tentacular canals 
are well developed and project into the coelom. The calcareous ring is 
formed of 5 radial and 6 interradial pieces. Otolithic vesicles ore absent. 
Stone-canals often numerous, opening into the body-cavity. Longitudinal 
musclee usually divided ; retractor muscles absent. Respiratory trees 
well developed, the loft being usually covered by the plexus of the intes- 



-Di»r>al Mid ventral of Drma aUjulicum (After Hcfouard), 


tinHJ syui<*rt\, Cavioriun or|?aiiR present. Muiiijy la tho indo- 

pacifir r*-pii»n uul rn!. nntis wiiU calcareous teeth; 

the other ycufnv arc %'itliout th«'sc. Hohthuria L.» trepung, nnihtilacral 
appenda^i'H ow-r \vh-»h* tn.dy, in rows» cosmopolitan ; Lubiilodanas 
Setenka, with fc<»r only which ait* •onfiiH'fl to the ntdii ; *S Bmndt. 

trepang, wi th liul on whu*h thoro iiro ii'iunlK* tliri'© rows 

of feet. 


British genus, Holoihuruj with sperics : 

With pedicels only, //. A. and R. 

o pedicola and pupilluo, H. trcmula Uuim. 

„ pedicels ahuoat entirely ventral, //. niyru auct, 

„ two rows of pedicel-H on eitlier side of body, R. aepera Bell. 
Fom. 2. Synallactldas. body rarely cylindrical, generally aattened 
aod with a ventral sole. Tentacular canola without ampullae. The stone 
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canal ia single and uaxially joina the body-wall. Neither of the respiratory 
trees are connected with the vascular network of the intestine. Abyssal 
forms. SynaUacUa Ludw. Mtacrea Ludw. Bailiyploies Oest. Bothy her • 
pyMiikta Sluiter. DerUhothuria R. Perrier. PacudoaiichopUA Thtel. 
Mesolhuria Ludw. Paclopaltdea Th^el. Zygothxiria K. Per. 

Fam. 3. Elasipodldae. Mouth more or less ventral. Ventral surface 
usually flattened to a solelike surface with 


throe rows of feet (trivium). With 10, 
15 or 20 more or loss shield-shaped tenta* 
cles, without ampullae. Culcarcoiis ring 
of 5 radial pieces or of 5 radial and 6 inter- 
ra4]ial complete or incon^plete pieces. 
Otocysts generally present on the radial 
nerves* Stone-conal attached to the skin 
and often opening to exterior. Longi¬ 
tudinal muscles simple, retractors absent. 
Hcsjiiiatory trees absent or vestigial. 
Cnvi<*Mun organs absent. For the most 
part aliysMiil. 

S\ib-fam. I. Delmstioae. Body 
generally elongated. Calcareous ring 
\v<*ll developed. Ventral surface flat- 
toucKl, the unpaired radius l>eing with¬ 
out or with reduced feet. Tubo-feet 
serially arranged. Deima Tln^l (Fig. 
184). Onetropluinta, Orphnurgtia, Laet^ 
mogontf Iliodaemon^ and Pannyc/ii*a 
Scotodeima^ Loetmophasma, 
and CapJuira Ludwig. Btnthogone 
Kooldor. 

Sub-fnm. 2. Elpldllnae* Usually 
with 10 tentacles. Ventral surface 
flattened, the unpaired radius being 
always without feet. The dorsal 
ambulatory appendages much re¬ 
duced in number and the latero- 
ventral foot aro frequently coniined 
to the hinder part of ilioir radii. 
The calcareous ring is without tlio 
intofTodial pioces. Penxagone Thdol. 
Elpxdm and Parelpulia Th6el. Jrpa 
ond Kolga Dan. and Kor. Scoto^ 
planest Achlyonice^ Scotoannassa^ and 
Enypniastes Th6el. Ithipidothuria 
H6rouard. 



FlO. ISS.— PsyckfOpoUa Icngi^ 
cauda Urom Laoa slter Tb6el^ 
7 oral Untadof, 2 mouth. <1. 4 , S, 
Antbulscral Appeadsses of tbo 
trtvJum (»duii*veDirsT); 6 anus; 
6 donsX appendage with Its two 
poitorior proc«aa«a (7). 


8ub*fam. 3. PsychropoUnae. With 10 to 20 tontaclos. Un¬ 
paired ventral ambulacrum with two rows of feet, rarely naked. 
The dorsal ambulacra with papillae all along their length or only in 
front. A large appendage sometimes projects from the hinder part 
of the dorsal surface. Calcareous ring with 6 separate caloareous 
pieces. Benthodytes, Euphronides, Psychropotes (Fig. 185), Psychro- 
trephes Th6el. 

Fain 4. PaUgOtburlidae. Pelagic forms of medusa-Uke appearance. 
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Tube-feet and ambulacra! papillae absent. Mouth and anus terminal. 
Body cylindrical; round the tentacular circlet it widens out into a thin 
disc, the edge of wliich is produced into long rays; 13 to 16 tentacles ; the 
tentacular canals arise from the well-developed radial canals, and they 
each give off at their base a canal (T ampulla) into the disc. Calcareous 
ring absent. The stone-canal opens on the surface of the body. Longi- 

tudinal muscles 
simple; retractors 
absent. Transverse 
muscles interrupted 
in the radii. Re¬ 
spiratory trees, cili¬ 
ated cups and Cuvi- 
orian organs absent. 
Genital organs right 
and left of the 
dorsal mesentery. 
They swim on the 
surface of the sea 
by moans of their 
disc. Pelagothuria 
Ludwig 

Fam. 6. Holpa* 
dlidae. Burrowers. 
Feet and ambulac- 
ral papillae absent. 
Mouth terminal. 

_____ Hinder end of body 

from Uie sborkl poif. often reduced to a 

tail-like appendage. 

Tciitaclew small, usually 1,5 in number, cylindrical or prorided with 
some small branches near the end : tentacular ampullae present, pro¬ 
jecting into body-cavity. Calcarejua ring of 5 radial and 6 interrarlial 
pio«». Stune-canal always single, often fastened to the body-wall. 
Otolithic vesicles abeont. Longitudinal muscles diWded, retractors well 
developed in Molpadia only. Respiratory trees present. CuNierion 
organs only in one species. Principally on mud or clay. Molpadia Cuv., 
Liitken, HaplotUictyla Grube, Caudina Stimp., Trucho*toma 
D. tuid K., Ankyrodermo D. and K., anchor shaped spicules in this genus. 

Sub-order 2. DENDROOHIROTAE. with branched tentacles and re¬ 
tractor muscles of the pharynx. Tentacular ampullae (not projecting), 
and rospiratorv trees always present. 

Fam. Cuoumarlldae. With foot, rarely with ombulacral papillpe. 
Mouth usually don«»l or terminal Anus often dorsal. Body cylindrical 
or pentagonal or with a ventral solo. With 10-30 branched tentacles 
often unequal in size, the two ventral being generally smaller than the 
rest (Fig. 177); tentacular ampullae not distinct. Calcareous ring of 
6 radial and 6 interradial pieces. OtoHUiic vesicles absent. Stone-canal 
never opening to exterior. Retractor ntuscles well developed. Respira¬ 
tory trees always. CuWerian organs only occasionally present. 

Cveumaria BloinviUe (Fig. 177), 10 tontarlea. feet in rows on the radii; 
Thyone Semper, feet over whole body ; Orcula Troschel, Phyllopkonu 
Orube, with an inner row of smaller tentacles j Pseudocueumis Ludwig; 
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Aetinoeucumis Ludwig; Oolochirua Troschel, feet in rows on ventral 
surface; Paolidium Ludwig; Thielia Ludwig; Paolua Oken with 10 
tentacles, a ventral creeping sole, dorsal surface arched without ambula* 
cral appendages, often with calcareous scales; principally arctic and 
antarctic. Rhopcdodina J. E. Gray, mouth and anus close together at 
the end of stalk-like process, the dorsal interradius much shortened ; 
on accoimt of the peculiar course of the radial canals there appear to be 
ten radii. On the Congo coast. Ypsiloihuria E. Per. (Sphaerot/iuria 
Ludw.). 

British genera and species : 

Cucumaria : 

A. Tube-feet confined to ambulacra. 

I. Tube-feet non retractile. 

Skin smooth . . , , , . O. hyndmani Forbes. 

Skin stiff. c. lacua F and O. 

II. Tube-feet retractile, 
a Skin smooth. 

Attenuated at either end . . . C. peniaeUa Mont. 

Body sac-like or elongated . , O. planet Qrael. 

h Skin rough. C. hiapida Barr. 

B. Tube-feet scattered .... , O. frondoaa Gunn. 

Thyona t Body not curved on iteelf, T. fuaua O. F. M. Body 
curved on itself, T. raphanua D. and K. 

Paoltta ; Tube-feet in 3 complete rows, P. phaniaptia Struss., tube-feet 
of median row few or none, P. fabrieii D. and K. 

PhyUaphcruai P. pellucidua D. and K., P. drummondi Thomp. 

prder 2. Pakaotxkopoda. 

The oral tentacles arise from the circumoral vessel. Tube-feet and 
ambulacral papillae, respiratory trees and cuvierian organs are not 
present. 

Fam. Synaptidae. Radial canals absent in the adult. Mouth terminal. 
Body cylindrical, worm-like. 10-27 (often 12) feathered tentacles; 
tentacular ampullae only indicated. Calcareous ring often with more 
than 6 interradial pieces. Anchor-shaped spicules are present in Synapta 
and its allies. Wheel-shaped spicules in most other genera. Stone-canal 
sometimes multiple. Otocysts on the origin of the radial nerves. Longi¬ 
tudinal muscles usunlly undivided ; retractor muscles sometimes present. 
Respiratory trees obsont. Ciliated organs on the wall of the body-cavity 
present, cuvierian organs absent. Generative organs often hermaphrodite. 
Synapta Eschscholtz, in sand and mud; Buapia, Chondroclaea, and 
Labtdoplax Oestergren ; Anapta Semper ; Okiridota Esehsch. ; Tmetw 
data Ludwig j Trochodtrma Th6el; Myriolroc'ma SuxmairupAoantho- 
trochua D. and K. British species: Synapta tnhaerena O. F. MUU.; 

8. buaki Maclnt., rare, S. digitala Montagu. British and French coasts, 
etc. 
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Class CRINOIDEA* 

Brachiaie EcJiinoderrM attached during the whole or part of life 
by the aJboral apex of the body. The arms are usually provided with 
pinnules and branched, the tube-feel are tentacle-like and with¬ 
out ampullae, the water-pore is always multiple, and the anus is 
interradiaUy placed on the oral surface. 

All living Crinoids are, so far as is known, attached, either in 
the young state only (Coraatulids, Tliaumatorrinus) or tlirough- 
out life, by a jointed stalk proceeding from the apical point of 
the body. The body consists of a cal 3 "x or di.se, and of radiaJ 
branched prolongations of the disc—the arms. The branches 
of the arms may be all alike, or some of them, known as pin¬ 
nules, may differ in structure from the others. In the natural 
position of the animal the abactinal (dorsal of adult) surface is 
turned towards the substratum, to which indeed it is, os already 
stated, generally fixed by a stalk, while the actinal (ventral of 
adult) surface is directed upwards. 

The actinal surface of the eal 3 ^t is called the calyx-cover 
{legmen cahjeis) and bears, usually I in its centre, the mouth, 
from which radiate toward.^ the periphery on the calyx-cover 
the ambulacral grooves (food grooves). Tlie portions of the 

♦ J. S, Miller, A Saltiral Hutlory of the CrinoitUa or Lihj-^haped 
Brifltul, 1 ^ 21 . J. V. Thompson, '' Sur U Penfacrimyi Europoeus. V^iat de 
jevnesse dxi genre dt L*ln.«fitvit, 1835. Id., “Memoir on tho 

Starlinh of genus C\')niatuln,“ Edin^tnrgh Sew Phil, Journ.^ 20, 1830- 
J. MuIUt, “ r*'U (1. I3au. Pont4UTinuH rrtput medusae/* Ablkond, d. 

1841. Id. “ Vvh. d. (iattung Comattila w, ihro Arton/* 
, 1847. W. W. Carpenter, Re^oarchtvs on the Struoturo, Pliyniology 
and ni*volopinent Antedtiu ri^Hacou?^, Phil. 7Vfia^., 155. H. LfUdwigi 
Crin<>i<l*'n, 1877, 2K, p. 257; and 20, p. 47. 1'. H. Carpenter^ 

‘ KojKirt ini Uio ('rinoiilon,'’ <''hollrngrr /Vr/>or/w, I, “ Tho stalked 
Crinoids,“ 1HH4, lu.d II, “ Tim Coniatuhm,’* IHHH. M. Xeuinayr, Dio 
Stamm*' th^ !'lin*rrrit'lu'«, !, IKKO. C. \Vach.<4imith ami F. Springer, 
“ Re\'isit>u of thf' l5ilii*>o<TinoithMi/’ Pror. Acad. Snf- Sri. Phitadflphta, 
1879, iHHl, Id., *'nisixnery of tho ventral Stnicttire of Taxo- 

crintw and IlajdtHTinvxe, ot<\“ Ihid., IHSU. Id. “'I’ho porisomic plates of 
Crinoid-s,“ Ihid. IK9U. Id., North AnMTi<‘Jui Camorata, yfetn. Mus* 
Won'orJ, 20 tuid 21, 1807. K. Perrior, Mtannim sur TOrganisation et lo 
dovoloppeinent de la C*>MuUule do la MedittTranet',*' Souv. ^trehtre^ Mus, 
Hist. Nat. l^‘^5-U2. H. Bury, “ Thi'^arU' stages in iho dovolopment 

of Antedon rosa^oa,** Phil. Tran^. 170, I8SH. O Sci'ligor, “ Sludien xur 
Entwick. der Crinoidon,“ Zf>ol. Jakrh., Ahth. /. Aunt, tl, 1K02. H- Ludwig, 
loc. Cit. F. A. Bath.*r. “ British fossil (Vim>ids,“ a Rorios of papers in Ann, 
and Mag. Nat, (•»), 5, IsUO. Id., Tlie (Viniucloa of Gotland, Pt. I. 

Kongl. Svenska T* (cnMknp^- Aknd. //and., 25,^ lH!t3. Id., Crinoidea, in 
Z/ankesUr's Zoology, Pt. 3, 19ni> ( LiteralMrt> givt'n). Rcieliensporger, 
^^Anatomie von Pontai riuns/' Z.f.w.Z., 80, UW15, p. 22. 

t In Actinometra tho mouth is oxceiitric, aiul tho anus is nearly contra! 
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calyx-oovor })et\vc*(*n (lie ambulacra] grooves are called theinter- 
umbulacral regions, uiid in one of those—the so-called posterior— 
is sitiiaii'd a papilla, at the end of which is the anus (Fig. 188). 
The .stalk carrie.s whorls of jointed appendages, the cirri ; theseg- 
inentsto which such whorls arc attached being called Tiodaf, and 
the intervening segments iiUemodal. In the unattached forms. 


the apex of the calyx 
where the stalk 
would be attached, 
if pr<‘sent, carries 
more tlian one whorl 
of similar jointed 
cirri. The ajiibula- 
era) grooves arc con¬ 
tinued from the 
culyx-covcr along 
the whole length of 
the arms and their 
branclie.s (excepting 
in a few cases, e.g. 
some of the posterior 
arm.s of Aclinornetra 
and some of the 
proximal pinnules of 
Antedon), and tube- 
feet project from 
their sides. As in 
Ophiurids the tube- 
feet are without 
ampullae and arc 
not used as locomo¬ 
tive organs. The 



'j 


FlO. IH7.^Peniarrinui caput mcducac (from Oailh affrr 
J. Mtillcrj. O mouth ; A atiUA. Thtj lower figure U the 
tcgtiien caiyclfl, the armn being cut olf. 


arms and pinnules contain prolongations of all the most im¬ 
portant organs of the calyx, excepting the alimentary canal, 
which as in Ophiurids is confined to the disc. The mouth is 
surrounded by small tentacles, the cavities of which open 
directly into the circumoral vessel of the water-vascular system. 

Orientation and numbsring of the rays. As stated above the 
interradiuH in wliich the anus is placed is called posterior. If 
the animal be drawn from the ventral surface with the anal in- 
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terradius downward in the figure, then in Conoid nomenclatur© 
the three radii which project upwards constitute the trivium, the 
middle one being called anterior, while the two lower radii con¬ 
stitute the bivium. Further the right posterior radius is that 
radius of the bivium to the observer’s right, the radius of the 
trivium on the same side being the right antero-lateral radius. 
On comparing this with the enumeration of the radii adopted in 



Piu V* 'j t.'a. fi:i nai Mirfno' Clao^). O mouth, A anuj. Xh© ptOOUl6i 

arj AUid with th** gt.'u*>rative producU. 

this work (p. 119), it would appear that the right posterior radius 
would correspond to raJiuy No. II, and the left posterior radius 
to radius !No IH. Follovving nut the same comparison the 
right antero-Iatt-ral radius uf Crinoids is No. I of our enumera¬ 
tion, the anterit.u- radius No. V, and the left antero-lateral No. IV. 
The use of the words right and hft in this orientation is the 
exact opposite of their applioatiLin in other Echinoderms.* 

• As Lovbd considers that tho lums of Crinoids is in interradius V. I 
(aa in exooyclic Echinoids)^ Ids namouclatiiro of the rcuiii of Crinoid 
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£xc6pting for the anal interradius, which also contains 
the primary water-pore of the larva, pentameral symmetry of 
the Crinoid body is externally complete in almost all living 
(Mnoids.* In extinct Crinoids, however, it is frequently 
disturbed by the insertion of the so-called anal plates in the 
posterior (anal) interradius. (See p. 276.) 

As in most other Echinoderms the integument contains a large 
amount of calcareous matter in the form of, for the most part, 
regularly arranged plates, but movable spines f and pedicellariae 
are conspicuous by their absence. 

The number of genera now living is comparatively small, but, 
judged from the Cnnoid standpoint, their variation in structure 
is considerable ; indeed, in this respect they may be said to be 
fairly representative of the immense number of forms whicli 
lived in the Palaeozoic epoch, when the group attained its greatest 
development. It is on account of these extinct forms that the 
study of the skeletal parts has attained in this class that rela¬ 
tively exaggerated importance which we found it to have in the 
case of Echinoids. It is a subject of great difficulty and tlie 
results arrived at, with regard to the structure of extinct forms, 
sre constantly undergoing modification. Moreover the struc¬ 
ture of the skeleton varies in closely allied forms in cliar- 
seters which it is customary to regard as having a high 
niorphological value. For instance in the Camerate families 
^*lstycrimdae and Actinocrinidae the ambulacra of the calyx 
cover may be exposed or subtegminal even within the limits of 
the same genus (Wachsmuth and Springer), and the constitution 
of the apical system of plates may vary in the most important 
particulars in genera of the same family. 

Cnnoids have indirectly had an important influence upon our 
knowledge of the ocean. Until quite recently but two living 
genera of fixed Crinoids were known, Pentacrinus and HoUypus. 
The discovery of Rhizocrinus in deep water by G. O. Sara in 
1864, by the interest it excited on account of its stalked charac¬ 
ter and general resemblance to extinct forms, led to the expedi¬ 
tions of H.M.S. Porcupine in 1868, and H.M.S. Lxgldning in 1869, 


would bo aa foUom: right posterior radius = radius V, loft poetorior 
I# anterior radius • radixu III, and right antoro - luteral— 

ThaunuUoonnus ia the moat striking exception, see p. 301. 

T opines have been described in one extinct genus (Arthrocaniha), 

in fp 
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and the following years, and indirectly to the despatch of tlie 
ChaUenger expedition in 1872. 



Fio. 1^9.—DoTelopmcntAl ot AnU(ii.>n, much ciOar^fo^l (fronj After W. Thonwoo). 

a Freo-*wimniiD>{ larva, wllli lult.'i aita nn^ of cilia H>, and with fuillmentar>* calcaroous 
plaU*s. 6 Attached cyj^lid atage of the auxua uniTiial. O oral3. R mdlola, 0 baoaU. 
Cd ceDtrcMlon^l plate, c older dti^o dc'^rrlbed as Reniacrinus euravasu* with Anns aad 
cirri. 

The general form of tlie body and skeletal plates of Crinoids 
may be considered under three heads ; (1) the calyx and its 

cover, (2) the arms, and C3) the stem. 


CRTNOIDEA. 


276 


. 




•u 








Flo. 100.—ArmlysU of the celyx of e dIcveMc in. 

form (fmm Longh 6<i |,aeeJ ; ^ infrS- 

erni plate d^rimibrach 2)\ i^n 
utial laterradial (S|ic€ial aoali. ' 


In the larva of Antedon and in what we may call the simplest 
forms i.e. the Larviformia and Marsupites amongst extinct 

forms, Holopus and the Hyocrinidae amongst recent—the calyx is 
composed entirely of the 
plates of the apical sys- 

tem; whereas in the majo- .^ 

rity of Crinoids the lower 

ends of the arms are incor- .^ 

porated in it and together 
with some interradial 
plates assist in forming its 

walls. The apical system '' 

when fully developed con- 
sisls of the following 
plates (Fig. 190) ; five 
infrabasals (ib) in contact ^ 

at the apical pole and . . 

radial in position, five 
basals (6a) outside tl.o JlS?', 
infrabosals, in contact 

with each other, and interradial in position, five • radials (r) 
beyond the basals, in contact with each other and radial in 
positmn Of these plates the infrabasals are sometimes absent 
in which case the apical system is said to be monocyclic, as 

U ^ opposed to dlcyclic when they are 

OCC present. 

r/ 1 1> 1 \ «7 

This character—the presence or ab- 

Q l fl»y f>>\ infra-basals—Beoms to bo vari- 

M able in most of tlio orders of Crinoidea. 

r-v / fbV^fy fh\ Flexibilia tlie base is said always 

vQ:^ ^ ^ dicydic, but in the other orders 
•T^/ vO'/ conditions are found. It is known 

^ \ ^ / that in many supposed monocyclic forms 

infra-basals are really present in s 
roducod condition or have fused with the 

^ top joint of the stem (psoudo-monocyclio 

Wach.muth and 

Ulj. erf central; ib Infnbaaal; t °P»^"g®r assert that tho mono-ordicyclic 
BaaaJ; r radial. character of tho calyx may be determined 

e a. , . inspection of tho stem. In dievelio 

Itl™! organ are radial and the cirri are 

attached to the stem radially, ^d. if the stem be penUgonal, the angles 

ore nterradial ; with monocyclic calicos the reverse arrangement holds. 

♦ Somotimee called primary radials. 




— rf*i*«*y*ia VI WlO C«jyx 01 

MiarsupiUs Uttydinarius (from Zit- 
M). c4 coDtrAJ; id lofr^bMai: t 
B4mJ ; f fftdU]. 
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In MarmpxUB there is a central plate in the middle of the five mfrn- 
bosala (Fig. 191). There is a central plate also in the 
which however lie at the attached end of the stalk : it is ^lled the 
dorso-central and was once supposed to be comparable w-ith the antral 
plate of other Echinodenns. It is not certain whether the oenUal plate 
in the calyx of MarBupiUs is this plate or the top segment of a larval 
stem. In Antedon the central plate of the adult is a comjwsite structure 
consisting of the top piece of the stem end the infrabasals : it la called 

the centro-dorsal (Fig. 189 Cd.). 

Tlie number of radiale in the apical system is normally five, but 
the basals and infrabasals may be reduced to four, three or two. 

The reduction of the basals is supposed 
to be specially characteristic of the 
ancient Crinoids ; all living Crinoida 
liave five, except Hyocrinus which has 
three.* In living Comaiulidae except 
A(*J<^crinus neither the radials nor the 
Imsals appear on the surface ; the basals 
are united into a small plate, the rosette 
jihtf:. which encloses the chambered organ. 
It frequently happens that the regular 
radial svininetry of these simple calyces is 
di.^turhid by the enlargement of the 
posterior bas^il and by tlie presence of an 
extra plate or of extra plates between the 
radial.s which border the posterior (anal) 
int'-rrudius (I’ig. IW, (o»). The anal inter- 
radial ])lates have be<-n much discussed. 
th'Tr is nru' it r**sts nptm tie- jiosterior basal and 

lies between tin' fight arnl left post<*rioi v ulials ; it is «.‘alled the 
special anal (Fig. tOii. When there is more than one, the 

loua-.( of them- (hat which intervenes between the radials and 
reaelii's the circle —is called the radianii! (Fig. 201, ru). 

the rest being simply pl ites of tlio anal tube, of which the 
lowest is sonu times c .ilje»l i •ifrrial anal plate. Tlie irregularity 
of the calyx caused by this pi'cuUarity of tlie anal interradius is 
never found in living fnuns r or in thedr allies, and w&a supposed 
to begenerally charn-, t<-?istio of pahn-ozoic Oinoids. There are 
however, many of these in wliich it is not found. 



I uf r /./!•) I ■]f w iriu H 
uitli dli Vi Itr 
I'li'T 1 iir»'tuM jTiirr• 

l.fhirii* iit iMvr fut* r 


• Fused to one in ficph^rticrirtii^. i\\o ally of Hyocrintm. 
t For the osymiuetrj' of the livinj; Thtiumatocri'ius sec p. 30L 





OBmOtDEA. 


277 


The origin of the radianal is supposed to be as follows. The right 
posterior radial (p. 272) is sometimes divided horizontally into an upper 
(oral) and lower (aboral) part. These are called the euperradial and tn- 
ferradial respectively. The inferradial is often shifted so as to lie m the 
anal interradius, between the right posterior radial (now superradial) and 
the special anal plate; it is then called radianal. This horizontal 
division of the radial may appear in other radii, but no shifting of the 
lower element occurs except in the radius specified. 

The skeleton of the arms (Fig. 193). The arms are supported 
by a row of plates called hrachials. Tliey are placed on the 
abactinal side and are often grooved on their actinal or ventral 


B 


D 




an 


Fio. \Si^.^CatU>crinuM proho$tidalu HaU. Calcareous Limestone, Iowa. A, the calyx 
cover U broken sway, so as to show tlio subiegtDlnal skeleton; a the covering pieces o( 
the amhulacrnl grooves. The opening of the ambulscral grooves are shown <m llio 
edge of the calyx at the ends of the rows of oovcriDg plates; the CDcroaching luterafii* 
bulacrsl plates arc slio wo above the covering plates. analysis of the calyx < monocyclic); 

6 hasaU ; radksU ; primlbrach ; axillary privnkbrach ; ir intcrradlaU ; anal 

luterradial; the plates marked on each side of the anal intorradial are interradlals. 
C, ca$t of a calyx*cover showing the hnprossions of the ambuiacral canals a leatllng to the 
mouth o ; an anus. D covering platen of an ambuiacral groove (from ZltU*l, after Meek 
aud Wortheii). 


surfaces for the reception of the soft parts of the arms ; more¬ 
over they contain a canal for the axial cord of the apical nervous 
system (Fig. 197, 8). The first brachial of an arni is carried by t he 
corresponding radial plate of the apical system. When the arms 
divide once dichotomously, the brachials before tl»e division are 
called primibrachs {coeUiU) (Fig. 193, r*. r*) and the brachial im¬ 
mediately before the division is called the axillary primibrackial 
or primaxil (r^). When the arms divide a second time the 
brachials which occur between the firat and second divisions are 
called atcundibrache (dxatichala), the axillary secundibrach being 
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the aecundaxil ; and so on, ieriibrachs, qttartibmchs with ierlaxtl, 
quartaxil, eto., for the ‘axillary pieces. 

In Crinoids with a simple larviform calyx, viz. the Larviformia, 
some Fistulata, Maraupites, Hyocriniia^ etc., the whole of the arm 
is free, no part of it assisting in forming the calyx. In this case 
all the brachials are said to be free. But in most Crinoids a 
certain portion of the lower part of the arm is incorporated in 
the calyx, which is thereby enlarged. In this case those 
brachials whicli are incorporated in the calyx are caUed fixed 
hrachiala. As a general rule wlien the calyx is thus enlarged 
a number of interradial plates are found in tlic wall of the calyx 
between the fixed bracliials : these may be called inlcrprimi- 
hradta, inierstcundibracK^, etc., according to their position be¬ 
tween primihrachs, secundibrachs, etc. (Fig. 203). 


In tlio Larviformia anti Fistiiiatu thei-o arc no intf'rrntital pintva in Jhc 
calyx excepting the anal pleto or plates in tin* postt'rinr inti'iTadiiut (Kin. 
—01). In T'AnuTna/oertnu^urul the Hhoflocriniiltio tluTOur*' ii\’o iiitcrrailiiils 
regularly disposed around tho calyx botwcon the nulials, itiid touc-hing th<' 
bosala; in Thaumntocriuu^ the anal interrmlins i.s l»y n short oxUtiiuI 

jointod process. In tho C'arnerata and Flexi)>ilirt, calyx intorradials art) 
generally present between the brachials (Figs. -Jtji). hut nnt l>et\voen 
thorndials except in the Rliodoerinidno and except in the anal interradins, 
in whi<h anal plaU'« can often lx* nmdo out. In the Artieulutii, <-alyx 
interradinlH aro generally absent ; they ore present in sonin Apioerinidae 
the primihrachs, but are alwent in tlio Knerinidao (Kig. 20a). 
I5ourtM:.ti.iii.idue. I’cntncrinidae. and C’ematnlidue. In tho Encrinidao 
no "I M.e arm i.-» incorpor»ifiHl in tho calyx, and in tlio last thn'O 

fari i i«'S i ientn-ned the I'laly-wall uhich ciamccts tugidlirr theso purticms 
<ij t !■- 'irniH arc jm. >rporut«Ht into the <■al;^x rcs4-nd*le tho calyx 

• -r)-. • urihi ut definif*' plates, or in having l«<o.sely arningivl 

' ' 1'* • 'hus iiifH'iirs that the radials form an uninterrupted 

1 I orin i[ tf.i ill ;iH ^c other (.rinoiils they aro in(errnpte»l in tlie 
oi 'tiioei, i i\. in Thaumni'icritiiui and tho Khmlo- 

II ulii.li tjivv an- uiterrui-ted in e\ery interr.idius. 
ill hi.ii hiiil „t li,,, .jj- iiriiis are always in a Stiiglu row, 

‘■<t I rineuls this ujr.ingi ,■ fi>t liuied tliriaighoiit tho arms : 

Jniberial arioug--nienf, tJut in soino of tiie later palaotnoic 
f-.niiH tin- uiKv he v cdfo shapivl, tho broa.l end of tho 

uedga i.i in - .li. r-mit -ly tj,.. rj«!,: and h-ll side of tho arm : this is the 
alternate ...I.oa.', Fmaliy the- plates may ho in two scries, tho 

contact surfa. c.^ mterlochit - an q.s (o giM' rise to a zigzag lino ; this is the 
blsarlal arrangemenl and oft.-u f<>||ovva tho altcrnuto arrangement as tlie 
end at tho arm is 


Vfll. 

t » * . • t . ‘ I 1 4 • 


. 1 

t lUH 


The pinnules arc arm Inanv lies. They altcrnat6 on 

the two sides of the arm and are oltcn i*U>8elv crowded. They 
contain all tho organs found in tho anns^ are jointed Uke the 
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arms, and with the exceptions mentioned on p..271 possess an 
ambulacral groove and tentacles. This view of them is sug¬ 
gested by their mode of origin in the growth of the arm, as 
branches at the growing end.* The first indication of a pinnule 
is the formation of a fork at the growing point of the arm ; one 
of these branches grows faster than the other and forma the 
continuation of the arm, while the other becomes a pinnule. In 
Hyocrinus the proximal pinnules are almost as long as the arms 
and the pinnule-bearing joints have the appearance of axillaries. 
In the Cyathocrinidae there are no pinnules, but the arms are 
much branched and what would be pinnules in otlier forms are 

merely arm-branches. 

The second brachial is the first arm joint which beam a pinnule 
{Tkaumatocrinua, Eudiocrinus). Pinnules are always absent 
from axillary joints, from the hjT>ozyal of every syzygy {see 
p. 283), and from the lower of every pair of joints that are united 

by ligamentous articulation. 

The pinnules contain the generative organs, but the so-called 
oral pinnules of Antedon and its allies are sterile. n eta 
crinu6 tho ambulacral grooves of tl.c proximal pinnules may 
start directly from the margin of the n.outh or from tl.c portion 
of the grooves on the calyx cover ; so that the pinnules appear 

to bo appendages of the calyx. 

Tho calyx-cover (tegmen calyci.s) in the simplest cases con¬ 
sists only of the large triangular, interradiully 
placed oral plates (sometimes called deltoids), 
which are arranged in such a manner as to form 
a pyramid-like projection over the ventral side 
of the calyx (Fig. 194). The outer sides of these 
plates are in contact with the radials of tlie 
calyx, and the posterior of them is, in Ifaplo- 
crinua at any rate, perforated by tho anus 
(Fig. 194). Tliis arrangement is found in the 
Larviformia. In Ilolopiia among living forms, 
a very similar condition is found, there being a 
very few small plates between the large or.i s 
and tho edge of the calyx (the position of the 



m— 

erinui 

/ormit fmni IJ*® 

K Urlur 
> anuA 
iK*ffo rating 

rKMt<?rior ora) and 
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anus of Hdopus is not known). In the living genera Hyoennm 
and Thaumatocrinus, the orals are very similar to those of the 
I^rviformia, but between them and the edge of the calyx 
there are a few rows of interambulacral plates (Fig. 209). In 
Rhizocrinus also the orals are present, but much smaller than in 
those first mentioned, the part of the calyx-cover occupied by 
interambulacral plates being still more extensiv'e. 

In the Larviformia the oral pyramid is supposed to have been 
closed, the ora! plates being actually connected with one 
another along the lines of contact, except at the base of the 
arms, where a small opening exists through wliich the ambu- 
lacral grooves pass out on to the arms In such cases the mouth 

is said to be subtegmlnal. This condition 
is not found in any living form : in 
Holopus, 11 yocrhntJi, etc., the oral plates 
are not continuous and the mouth opens 
l>etween tliem. But a very similar state 
of affair.s is found fm* a short j)erio(.l in the 
devclopmejit of Auttidon. In the larva of 
(his animal there is a stage in whicli the 
mouth Hurroundvd by its fifteen tentacles 
opens into a closed sac. the oral ve-itibule 



in the walls of wbicb are contained the 
large oral platt- (p. i.'t”). fn the majority of fonns, liowevor, 
both aiul nxlinct, the orals are either comparatively in¬ 

conspicuous or abst.ait ifi the adult. 


I*' \rn ..i,,r . (ox,-opt Ithizncrmus) orals aro uhsont. In tho Fistu- 

lata in s.ano e-nus un.l not in others. When tJ.ey ore 

•h-^Or. ■! ..,.y .,r,- ... th.- ,,.r.f,v ...f l!,.. .alyx-eovor an.i the poatcrior is tho 

laru-.. nn.l .a phn..) p.,r.ly |.ef„een t\u> nthera. In ao.no forma with 

u 1 1 niMiU I fk.iriii* I > at hr.,Tii.i<hii>) flm nioutti i.s covered by 6 

aenU „ I,i.-l. „r„N, tho tn.o orals (rtoltoids) 

bo, MB oots.do ,H, n,..ih,|,„ ,h,.y are ,,roson. in Taj^ocrinus 

an,I s,nro„n,l tho .,po„ , , „„h ^ 

generally h,. ,hs,,ngo,.he,l at the apex .,| the t „„lt into wh.eh tho calyx- 
cover ,» pr,„h,e,.,l. h,„ th.ar l.lontili. at.o,. js s.a„eti,nee nn.-ortnin. 

In the forms with small or.ils Ih,' ttr.aliT jmrt ,if the eiilyx- 
cover is occupied hy .a.mpaeily |,,„a.ly arranged interambu- 
laoral plates, wliich are e,>ntimi.,iis will, th,- iiiterruilial plates of 
the calyx, if such are prrseiil, an,l b\ the ambulaeral grooves 
in their passage outwards to the arms. 
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The ambulacral gioovos themselves are often protected by 
covering plates which arise at their sides and project over them ; 
these could apparently be erected and depressed and are alter¬ 
nate on the two sides of the groove (Fig. 193, A, D, 195). The 
grooves are sometimes unprotected and open. In the Camcrata 
it frequently happens that tl»e ititerambulacral plates of the 
calyx-cover project over and cover up the ambulacral grooves 
(and their covering plates) wltich are thus converted into canals 
open at the edge of the disc where the arms are given off (Fig. 
193, A). The mouth, being covered by the firmly united orals, 
communicates with the exterior, in sucli cases, only through 
these canals whicli branch as often as the arm branches before 
leaving the calyx. There is, however, a.s has already been stated 

considerable variation amongst the Camcrata with regard to 
this character. 

Covering plates are found in some living forma, e.g. Hyocrinu^, 
IJolopus, Rhizocnnidae, some species of Antedon. 


It appoara, therefore, if tho present accounts of Palaaonty^l/arWc-* 
hu that the mouth o/tlu- Camernta is iko rat^f 

formm, subtegminal. In both those groups thoroforo ti?. ^ 
n.unic.tion of Iho mouth with the exterior is by 'the mnb r”""! 

'vLt encroachment of the interamiu.lacral plates. ® 

Further particulars as to the structure of (he calyx-cover. In tho Fistu 

c-ontamc u considorahlopart of thonnimol’s visira Orn.ms nt 

' ** mtorambulacra Kcnomlly aro firmly 

...... 
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cx«. The ombulacral grooves however have covering plates or, as in 
some Comotulids, covering folds without plates. The anus is at the end 
of a papilla in the posterior interradius, and its walls resemble in structure 
the interambulacral area from which it arises. 

The covering plates of the ambulacral grooves are either attached to 
the brachials or to a special set of lateral or side plates. 

The stem is composed of a number of ossicles united by 
close sutures or by articulation. It is traversed by an axi^ 
canal (see p. 288), and it may bear at intervals whorls of jointed 
cirri, wliich contain a prolongation of the axial canal. The 
cirri of the k)we8t pieces are in some forms root-like in appear¬ 
ance and ramify in the muddy or sandy bottom on which the 
animals live {Rkizocrinus) ; in this case the normal cirri may 
be absent. In other oases the lowest ossicle is attached to the 
substratum by a kind of cement [Pentacrinua). In growth the 
addition of new pieces is confined to the upper end of the stem, 
where they arise by intercalation between existing pieces and 
(except in Flexibilia and some Articulata) between the stem 
and the cup. In Flexibilia, etc., the top segment of the stem 
is often fused with the infrabasals. 

In Vintacrinua, Marsupxies, Tkaumatocrinua and Holapua 
the stem is absent. In the Cornatulidoe it is present in the 
young, but in later life the animal breaks away from it, retaining 
only the top joint, on which several whorls of cirri ore formed. 
This top piece (Fig. 189, Cd) which remains attached to the calyx 
in Coiuatulid-j may be formed of two or more joints fused, as 
is suggested by the numerous whorls of cirri on it; it is called the 
ccntro'Jorsal piece of the calyx and fuses with the infra-basals. 
It is uncertain whether Thainnaiocrinua ha-s a stem in the young 
state; probably it ho-s. Whether Marsuptlca and UinJacrinus, 
which were also without stems, were fixed or not cannot be 
certainly deternnned. Ilolopua is attached by the broad base 
of iU calyx, but it is w’ithout a stem. 


The coimoxtons I>etweon tlio akolotal pieces of Crinoids nro of vanoiiB 
kinda. In dlu<lying them it nuint be reinomberod that the platen are laid 
dowD as calcarttouH films in the connective tissue of the body« and that 
these^ as they inortniso into plates, remain connected by the tinaUcified 
connective tlssiio. Wlien this tissue tA woll nuirked. the joint is eaid to 
be a loose stUure; if it is contractile in functinn (inim'ular) wo Imve a 
muscular articulation ; such joints permit of inoveinont of the connected 
plates on one another. ^Mlon (ho plates are closely applied together 
and the intervening connective tissue is spai'HO, we Imvo u close suture* 
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^ a close suture, which is also called a aynostoM, the plates are immov¬ 
ably connected together. A ayzygial joint or suture, or a ayzygy as it is 
sometimes called, is a close suture of two adjacent brachials, and is charac¬ 
terized by the fact that the proximal plate of the pair, i.e. the one next 
the calyx, does not bear a pinnule, while the distal one does. The proxi¬ 
mal non-pinnuliferous piece of a syzygy is called the hypozygal, the 
one the epizygcU. Syzygial suture is also found in the stem : in this case 
the lower piece of the pair or hypozygal is without cirri, while the upper 
piece or tpizygal bears cirri. In anchyloaia the plates are cemented to¬ 
gether and the line of separation is difficult to distinguish or absent. 


As in Ophiurids the ectodermal epithelium of the abactinal 
side of the arms and calyx is not to be distinguished. Tlie 
epitlielium of the ambulacral grooves is ciliated ; elsewhere it is 
non-ciliated. The cutis contains the skeleton and its connective 
tissue is very largely replaced by calcareous plates. 

There is no dermo-muscular system. The muscles are in 
bundles connecting the movably-articulated skeletal plates. 

The central nervous system consists of a ventral ectoneural 
portion, a deep oral portion and a dorsal apical system. 

The ventral ectoneural system (Fig, 197, 1) very closely re¬ 
sembles that of Asterids and as in them consists of an epithelial 
plexus, especially concentrated in the epithelium of the open 
ambulacral grooves of both arms and pinnules and of the ecto¬ 
derm immediately surrounding the mouth opening. 

The apical nervous system consists of a cap-like sheath of 
nerve hbres and cells surrounding the chamber^ organ (p. 288) 
and giving off interradially nerves, which bifurcate in the bosals 
{ArUedon, Hhizocrinua) or amongst the radials {Bathycrinua) 
into two strands, which diverge and paas to join the correspond¬ 
ing strands of neighbouring nerves (Fig. 196). Tlie single cords 
so formed are radial in position and called the radial nerves of 
the apical system ; they run to the tips of the arms and of 
their branches (Fig. 197, 8), and give off cords which similarly 
traverse the pinnules (Fig. 198). In tlio Articulata the whole 
system lies in canals—the so-called axial canals —in the skeletal 
pieces of the calyx and arras, viz. the infra-basals, the basals, 
the radials and the brachials. In some forms {Anledon, etc.) 
there is in the primaxil (Fig. 196, .ftj) a chiasma and a commissure 
connecting the two nerves which result from the bifurcation of 
the main nerve, and the same nerves are in all cases connected, 
at the level of the radials, both with each other and with those 
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of adjacent radii by a commisauro which forms a ring round 
the cup (Fig. 196). 


In Encrintis and Pentacrinus the Apical nerve cords ore double. In 
many Palaeozoic Crinoids tho canals for these axial cords are not separ¬ 
ated from the ventral grooves on the brachials. In others they are present 
in the hruchials, but exist only as grooves on the radials ond basals. 


The apical nerves give off branches wliich ramify in the ossicles 
(Fig. 197), and supply the muscles of the ossicles and the inte¬ 
gument ; some of them are connected 


with the branche.s of the deep oral 
system. A prolongation of the ner¬ 
vous sheatli, wliich surrounds the 
chambered organ and forms the 
centre of thU system, accompanies 
the prolongation of the chambered 
organ into the stalk and cirri, or if 
t!ie stalk is absent into the cirri of 
the centro-dorsal plate. 

Am in A^itoriils the apical nerv oiia sva- 
lern appeara to oripitiato in connexion 
with tlio cueloinic epithclinin. It wua ilia* 
rnverod liy Dr. \\\ B. Carpenter • In 
C<nnatul/i as a result of his exporiiuentsi 
on tiu* uniinal. His observations were for 
time tliscr4*dited* but wereovontuiilly 
Ci>:ifirined by Marfthalbt who sliowod that 
(lie iiorx'oiis a^xgregation rouiul tho chom* 
l>ered organ governs thn rnovemeritj^of tlie arms and that tlie nervo cfirds 
pri’iK^Mling frinii it luntain hoHi sensory and motor fibres. 



i'n- Anf^'don I'tMi, IiiAijrtnn 

skiUAvinj tlio itrrAnK^iJiviil i»f tlic 
api<*al ny.sUMK in the i*a1>x. 

aaxukl l ariLt. th* black in the 
contrv of tliu Mu me n'pro^ciit.^ Ihf* 
ot'titrnl Fheatii tAhrih Hurrouuils 
thv eh inih'Tvd oru^iii . C£) rentro¬ 
ll rinitil plutc , /'\ itivt Fecundi- 

brach , H[ rjidi'vl ; /i 2 pnini- 
hmrlis (Irnni Furriir after Lud¬ 
wig). 


The deep oral nervous sy.-4tetn is placed below tho epithelium ; 
it eoiisista of a ring round the numtli and two radial nerves in 
eax;h Drill (Fig. 197. 4). The ling also gives off nerves which 
raniif;. in ilie cuT'.necvivf tis.sue strands of the body-cavity. 
Brandies of tlie lira* hial nerves of this system anastomose with 
branchea of ihc apieal curds. 

Sense organs. I'heie are im lemnnul tentacles nor special 
organs of siens». The tube-feet must be regai*ded as specially 
sensitive and possibly tlie wliult* arm as well. Tho tube-feet are 
supplied by both the supeiiii ia! atu.1 tlie deep oral nervous system. 

• Proc. Roy. Soc. L»4, ISTO. j.. -Jll, uiul vol. 37, l«»t, p. 67. 
t Q.J.M.S., 24, 1684, p. 507 
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Tlie alimentary canal is tubular and passes from the central 
or subccntral mouth to the excentric anus. In this passap it 
executes, in Antedon, one complete coil in the calyx. Its Iming 
is ciliated and its central portion is slightly dilated. In some 
forms caccal outgrowths of the canal are present. 

In ArAifiometra the digestive tube executes four con.plete “ ‘J;® 

calyx l)cforo the anus is reached. Moreover the n.outh is excentnc, being 

shifted anteriorly, while the anus is subcentral. 

The coelom presents the usual division into perivisceral cavity 
and water-vascular system. 

Tlie perivisceral cavity occupies the calyx and extends into 
the arms. The calycine portion is for the most part traversed 
by a connective tissue network in which calcareous structures 
may be present. In some Comatulidae three parts of the body 
cavity may be distinguished. (1) an axial portion, in which 
there are no connective tissue strands ; this occupies the axis 
of the calyx ; (2) a perivisceral portion around the gut coils, and 
(3) a subcutaneous portion just beneath the integument and 
marked off from (2) by a kind of septum. These parts do not 

appear to have any special importance. 

The perivisceral cavity is continued into the arms as three 
distinct sets of cavities, which however communicate at inter- 
vals. These arc (Fig. 197). (D the dorsal or coehac canal (7). 
(2) the canal containing the generative rachis (6), and ^ the 
ventral or subtentacular canal (5). The last is ivi e , 
septum into two, and on the dorsal wall of tlic cana e 

pressed patches of ciliated epithelium are occasiona y me 
especially in tlic pinnules. All these parts of t e y cavi y 
are continued into the pinnules (Fig. 198). the only difference 
being that in the pinnules the generative rachis is swollen up 

into tlie generative glands. • * *i .v 

The ventral canal, on reaching the calyx, opens into the 

axial part of the perivisceral apaeo. The genital eect.on la lost 

in the mcaliea of the body-cavity round the oesophagus and 

the dorsal canal opens into tlie subcutaneous part of tlie body- 

oavity of the calyx. There is nothing corresponding to the 

There U in the arms and pinnules a canal (2) between th 
. Thi. can«l is not always cliatinguieboblo. It may be due to ahrinkago. 
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wat«r*vascular trunk and the ambulacral groove which is sup¬ 
posed to represent the perihaemal space of other types. It 
appears to end blindly at each end, and there is no circumoral 
representative of it. 

The water-vascular sj’^stem consists of a circular vessel round 
the mouth giving off a radial vessel into each arm. The radial 




vtsKt 1 h hrsiii li V extend into the pinnules. 

They tfrmiuatf :-li 'r( itf tin- i-nd ,)f djp amis and there are no 
terminal tentacl. ^. I lu ai.-r v ular trunks have muscular 
walls and are snpu‘tirn<-.^ tr.ivr-rs.d l.\ muscular fibres. The 
lining epitlielium is nr.t, .i, in other l^.•h^node^ms, ciliated The 
circular vessel gives off tuhe. v.hi.-li pa.s i„to the circumoral 
tentacles, and a number of other tubes which hang down and 
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open into the body-cavity. These are the representatives of the 
stone-canal of other types. They are usually very numerous 
and are without calcareous deposits in their walls. They open 
into the general body-cavity, the portion corresponding to the 
axial sinus of other types having become continuous in the 
adult with the perivisceral space. The calycine pores, each of 
which represents a madreporite of other Echinoderms, also open 
as we have seen into tlie body-cavity. 

The radial canals give off lateral branches, each of which, in 
Ainiedon, supplies three tube-feet. In correspondence with this, 
the tube-feet are placed in groups of three at the sides of the 
ambulacral grooves and are without ampullae. They are to be 
regarded as purely sensory and respiratoiy structures, and are 
often called tentacles. 

The water-pores are lined by a ciliated epithelium. In 
Rhizocrinua lofotensis there are only five, one in each interradius, 
and they open into the perivisceral cavity close to the opening 
of the stone-canals which are also five in number. In other 
Crinoids • the number of water-pores is very numerous (sometimes 
over 1(X)), and it has not been shown that there is any relation 
between their openings and those of the numerous stone-canals. 
They are placed on the intcrambulacral portions of the calyx- 
cover, and they perforate the intcrambulacral plates if suck are 
present. In Aclinomeira they have been observed on some of 
the proximal pinnules as well as on the calyx. 

The axial organ (genital stolon) occupies the axial portion of 
the perivisceral cavity. Apically it has the form of a thin strand 
in the axih of the chambered organ ; from this point it ascends 
in the body-cavity, where it widens. Its oral end is narrowed 
again to a few strands which are continuous (see below) with the 
generative rachis in the arm.s. It consists of convoluted canals 
lined by columnar epithelium and embedded in connective 
tissue of the vascular modification. The canals anastomose 
and end without leading to any organ. 

The vascular system is present and has the usual form of anas¬ 
tomosing spaces in the mesoderm. It is richly developed in 
the wall of the alimentary canal, over the axial organ, in a ring 
round the mouth, and round tlie genital rachis and the genital 

• In Cyathocrinus and other FiatuUtu thoro ia aaid to have been a 
multiporous madreporite. 
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organs. It is not clear whether there is any radial branch of 
this system into the arms. The intestinal network and that 
over the axial organ communicates with the circumor^ tract, 
and on the circumoral tract on the rectal side is a special 
development of this tissue containing cellular elements and 
called the spongy organ. 

The chambered organ is a portion of the embryonic coelom 
(p. 156). In the adult it is completely cut off from the rest of 
the coelom and consists of five radially disposed chambers 
separated by interradial septa, the whole being surrounded by 
the central organ of the apical nervous system (p. 283). It is 
placed at the apex of the calyx, in the Comatulids in the 
centro-dorsal plate. The chambered organ is continued, with 
its nerve investment, into the stalk in the stalked forms, and into 
the cirri if such are present. 

The sacculi are globular sacs containing higlily retractile 
spherules. They are found in the connective tissue at the edge 
of the ainbulocral grooves of the arms, pinnules and calyx, and 
sometimes in other parts. Each spherule is in its origin related 
to one cell, the remains of which can be traced round it. Their 
meaning and function is unknown. They are absent in Actino- 
mjitra. Thnumatocrinus and Holopus. 

The generative organs may be described under two heads: 
(I) the generative rachis, and (2) the gonads. These two struc¬ 
tures are continuous and form part of one structure of which the 
racliin is tl\e sterile portion. The rachis is contained in the 
arms (Fig. 197) : it is a cord of cells containing a small lumen 
and surrounded by vascular tissue. It lies in the genital divi¬ 
sion of the arm body-cavities and is continuous in the disc, 
through a circular cord {Antedon) or a network of strands 
[Pentairxnus), with the axial organ. The generative organs are 
developments of the terminal portions of the generative rachis, 
i.e. of the pyortion contained in the pinnules. In exceptional 
cases tl\e generative rachis of the arms also gives rise to 
generative cells. In the pinnules the generative rachis swells 
up, its cavity becomes larger, and its lining cells become 
ova or spermatozoa (Fig. 198). These escape into the water 
probably by dehiscence. 

So far as is known (?rinoid9 are always of separate sexes, and 
the development, which has been followed in Antedon only 
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and is described at p. 152, takes place in the water and never in 
brood pouches. 

Arms very readily break off so that the animals can e8cap>e 
if they become entangled or seized by enemies ; the rupture takes 
place at a syzygy. Arms so 
lost are regenerated, but no 
cases of asexual reproduction 
have been met with. Regenera¬ 
tion of the viscera takes place 
after evisceration, and sponta¬ 
neous evisceration is said some¬ 
times to occur. 

The number of radii, i.e. of 
primary arms, is nearly always 
five, but some extinct forms 
show indications of having had 
a different number, e.g. Plicato- 
crinidae with 4, 6, or 8 (rarely 5 
or 7) radials.* Moreover speci¬ 
mens of Rhizocrinxia are found 
with 4, 6, or 7 radii, and of the 
few specimens of Holopus (Fig. 

210) that have been found one 
was tetramerous. Among 0)ma- 
tulae also forms with 4 and 6 
rays are very rarely met with. 

Except in RJtizocrinus, it is rare to find the number five 
departed from. 

The Oinoids, especially those living near the shore and to a 
depth of 150 fathoms are gregarious in their habits, and the 
remains of the Crinoid forests in the Silurian and Carboniferous 
rocks show that this habit is not confined to living forms. In 
the Crinoid forests found in Palaeozoic rocks different genera and 
species, belonging even to different orders, are associated, 
whereas after Palaeozoic times the Crinoid forests consist of 
associations of individuals of the same species. Antedon (Fig. 
188) is free but can anchor itself by its cirri ; Rhizocrinus (Fig. 
207) is attached by a branching root, while the lowest joint 



Kio. ]9A.—Transverse section throogh 
a pinoulo oi sn adult fciualo of Aule* 
don (after Ludwig), a racciilus; 

septum between the subtcutacular 
cAxiaLi ; Ur perl haemal canal; CD 
roellac canal; CO genital canal ; 
CV subtentaoular canal. d mcm* 
brane separating the coeliac canal 
from the geniful canal ; c ciliated pit 
of the coeliac canal; S epltlieliunt of 
ambulacral groove; F trunk of 
arlcal nervous Hystem ; 0 cavity of 
the ovary ; K calcareous plate; 
Af radial nerve ; q monibrane en¬ 
veloping the ovary; T tentacles 
(tube-feet); Wr radial water-vascular 
canal. 


^ The living Promachocrinus is peculiar in having 10 radlala. 


Z —Til. 
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of the stem of Pentacrinus (Fig. 208) is attached to the sub¬ 
stratum, but this attachment may be lost by the breaking 
of the stem or other cause, and the animal may move freely, 
anchoring itself by its stalk cirri like an Antedon. Locomotion 
in the case of i47itedon is effected by the movement of the arms. 
It is possible that some of the extinct forms, e.g. MarsupHea^ 
and Uintacrinus were free. 

Food is brought to the mouth by ciliary currents along the 
arm grooves in the form of floating organisms. The principal 
external parasite is Myzostoma (vol. I, p. 492), which infests the 
disc, stalk and arms often in great numbers ; it may be free or 
enclosed in a cyst in the body wall. 

The class Crinoidea is divided into five orders, Larviformia, 
Fistulata, Camerata. Flexibilia, and Articulata. The living 
forms are all contained in the order Articulata. 


Tl.c* yr- nipifiy * if Crinoidfl PtilaeotTiuoida coinpri^iinp the Larvi- 

furinia, Vh'xihiliti unil Fistulata, and Ncoirinoids (Articulata) 

nuHt u up. As in thf‘ caso of Kc)un(»id8 the living forma intcrdigi- 

tiilo N'ltli evfitu t. The most irnpfirlant cliaracter ot extinct forms 
nut ftmriJ in !i\ int' is the | cntuuicra! asyTiiruftly of the calyx brought 
uhnut I V tlK' [aIt'I* "f uitfiTadial plales in tlio pfbstcrior interradius, 
but tliin i- \>\ iiM nu iuis liaii d bv oil tlu* Falacucrinotds (Flatyt'rinidac, 
ralyptorrinid.a . • ir.) nud iiuli* ut tA it ore present in the juintsd 
pr» i ^ t tli»« ri'O' inUTrodius *A t)ie living ThaumaiocruiM. Aa 

• tatI'd I (h'* f'OTiis ^^^'ol(l^•ll uiulcr our onler Artictilaia aro, with 

cv' piiMn . f tills tduuaMiT, a \rTy f*iir soiiipto of all Frinoids that arc 
kiM u n. 

I if ol* u'j (ir» ‘•'Ui.i iA (}i»* • iiurarterN which wore considered to mark 

till arji'iiMj f •i'Utti 

^ bal l I .n* id <: in v.):ii h s- n' if tin- arm plati.'S (above the riidials 

i-f tlu' irl\v , r ift ' tbi r -inp^i.Mlion i f the rilyx, the plates which 
uro d li\ *uo iTadiall\ j lai i'd plates (mterprimi- 

hnu Ih I ; Hi N... is whi u iJk' arm joints arc so taken into 

tliH dls •. {:iTa ai» u-imIIv iijtorr<id imI platc.s between tliom, tho arm 

pluti Ihmm' \t\ ' ijt h t i*. il, i:;f, rvriiifjg bufiy wall fluxiblo ; though this 
dors O f 1 t‘ d in nil ; I . t Uinfaennus. 

Tho port' rati >r ' f :h.- r hil< by tl.,* a.siul rr.rd is al<o said to be ft char- 
fudcrisli' Ilf t h • M iih. b> Xencrincads with diviiled arn^s, the 

axillarv* i 1 1— .. j t iiuib n i, t M. /.i« r//rax, Pliratocrinus excepted), 

whilo in Ihd.o lui d.- ti.. ; v. lorv \nrb«.^ from the raflial to tho 6th 
primihraoh—t 111 - iI:»* ,.i urip.»jtnul i li irmdor vvluidi separates the 

Palaeucriiioids . yv., iK.r, J.rjci .'^hmmafocrinus from 

Enenuti^. 


AfiQnities. 'I'lit* ri.m.idi.i stand far apart from the other 
classes of living li.clnri(.‘d< rniaia. Th^ii iinjH)rtQnt distinctive 
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characters are as follows. (1) They are all, with the partial 
exception of the Comatulids and possibly one or two others, 
attached throughout life, and the oral pole wliich also carries 
the anus is turned upwards. (2) The gonads are removed 
altogether from the disc and lie in the ultimate branches of 
the arms. (3) Thei anterior coelom becomes merged in the 
general perivisceral cavity, and there is no axial sinus in the 
adult. (4) The anterior coelom is given off from the enteron 
separately from the posterior. (5) The absence of any trace of 
a right hydrocoel. (6) The fact that the oral surface of the adult 
is derived from the posterior surface of the larva. (7) The form 
of the larva. (8) The open condition of the ambulacral grooves. 
Some of these are absolutely distinctive, viz. (4), (6), (7). Some 
of them are shared either wholly or partly by Asteroids, viz. 
(1), (2), (8). Holothurians present (3), and so far as is knokvn 
(6). The bias is therefore on the whole towards Asteroids, as 
we have already pointed out in discussing the affinities of Holo¬ 
thurians, but the bias is very slight, for (8) cannot be regarded 
as an important character seeing that Ophiuroids, so closely 
related to Asteroids, do not share it, and (2) is partly shared by 
Echinoids, so far as the pentamerous arrangement of the gonads 
is concerned. So that (1) only is left. But this resemblance 
carries with it an important difference. It is true that Asteroids 
are the only living Echinoderms outside the Crinoids which pre¬ 
sent fixation at any time of life and that the fixation is effected 
by the preoral lobe, but as shown by MacBriJe there is this im¬ 
portant difference : whereas in Asteroids the pedicle of attach¬ 
ment is found to arise from the oral surface of the adult and is 
surrounded by the hydrocoel ring (Fig. 105), in Crinoids it springs 
from the aboral surface and is outside and far removed from 
the circumoral watr-r-veasel. This discrepancy undoubtedly 
receives its explanation by a consideration of the fact that fix¬ 
ation takes place in both classes some time before the hydrocoel 
ring becomes complete. But it is none the less significant, 
especially when taken in conjunction with another fact. In all 
fk:hinodorms the mouth shifts during the development. In all 
classes except Crinoids it shifts on to the left side, so that the 
left side or left ventral side of the larva becomes the ventral 
side of the adult. In Crinoids however it shifts further ; not 
only does it move on to the loft side indenting the left hydrocoel 
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and the left posterior coelom, but it continues its movement^ 
carrying with it the left coelom and hydrocoel, until it comes 
to lie beside the anus at the posterior end (see account of develop¬ 
ment). Having reached this point, far removed from the 
preoral lobe, the hydrocoel ring closes. As a result of this move¬ 
ment, which must be due to a torsion of the whole of the pos¬ 
terior part of the body, the right posterior coelom has also shifted 
and come to lie on the aboral (originally anterior) side of the gut. 
and the preoral lobe of the larva becomes enclosed by the row 
of skeletal elements (apical plates) which are developed outside 
the right posterior coelom in all Ecliinoderms except Holo- 
thurians. These plates as is well known are laid down at first in 
the larva in an open curve, which later closes, os does the hydro- 
cod, to form a complete ring. In Asteroids the closure of this 
curved row of plates is €'ffected far from the point of origin of 
the pieoral lobe, on the right or right dorsal (larval) side of the 
body. In Crinoids it is etTeetcd at the anterior (larval) end of 
the hotly and encloses the preoral lobe, just as the hydrocoel docs 
in A.stcn'irls. ir these considerations are sound, it follows that 
tlio rejection of the liypothesi.s as to the homology between the 
apical plates of Crinoids and those of other Echinoderm classes, 
in so far a.s that rejection depends upon the difference in the 
point of origin of the stalk in Asteroids and Crinoid.s, is not 
in.-^tifipd. 


The fact tliat in (VitioidM alone is the rudiment of tljo posterior 
rodoin.s givi'n off at tlie posterior end of the larva and separately 
from that of tlie anterior hi'coinesto a certain extent intelligible 
in view of the fore)^.»ing oondderations. Tljis peculiarity must 
he regarded as a hack-thru";t from the adult form, in wiiich the 


j)osterior end cinnos to hold all the viscera Pursuing the same 
line oi thought the fact that ilie hvdrocoel docs not share in 
this iinjuos of adult errangernents and ;n like manner develop 
iTorn the pusterior »‘n<l <.i i)n* etkt<*ron bur comes off in front with 
the anterior cHloin Is jigrulieant as showing that t!ie connexion 
in origin of the lu'drtfco'-l end anlorior coelom is a fundamental 
feature of Ecinnodenn nuupholoov.* 

The fact tliat the left posterior eiH*li>iii does not at an early stage 
come to exceed tlie right in size is another feature of tlie larva of 


• This holds even in Ophjunds. see p. lol. ond MucBride, Q.JM.S. 
61, 1907. p. 567. 
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Crinoids in which they differ markedly from Asteroids, though 
not so far as is known from other classes.* 


Order 1. LARViroRMtA {Inadunata larciformia Wachsrn.) 

The calyx^cover consists entirely or almost entirely of live triangular 
oral plates which are applied together so as to form a pyramid and cover 
the ambulacral grooves of the disc as well as the mouth.f The calyx is 
monocyclic and consists of basals and rodials only except in Cnpresdo- 
crinidae and 8tephanocrinidae» there being no interradial plates except 
in the anal interradius. The anal interradius is frequently unlike the 
other interradii. The plates arc immovably connecto<l by smooth 
sutural surfaces. The arms are wcakf and entirely free. The large nruls 
ond simply constructed calyx are characteristic of larvae of living Crinoids*. 
Upper Cambrian to Carboniferous. 

Fam. I. Haplocrlnldae. Calyx small, irreguhir, with Hve unbranclied 
arms. Some of the radials are composed of two pieces (Fig. 109). Anus 
is in the posterior oral. HaplocrinuA Steiningor (Fig. 

199), Devonian. 

Fam. 2. Allagecrlnldae. Calyx sinall ; ba:r<<ils and 
radials 6. Oral plates triangular. Allotjecrinu^ Ftli. 
and Carp. 

Fain. 3. Pisocrlnldas. Pi^ocrinuA ilo Kon. Tria- 
crinuA Miinst. 

Fam. 4. Symbathocrlnldae. SiftnffuthocrinxiA PlullipH, 

Phimocrinxut Schultze, Slyhcriuuf^ Sandh., Su>riiu>jo- 
crxnus Soliultze, IjaqeniocrinuM do I\on. 

Fain. 5. Cupressocrinidae. Cal\ x ]>cntainorully 
symniotricah 5 bjisals. 5 radials, no interradials. Tho 
basals surround u |>entugonA] centro-dorsal plate (? top 
segment of stalk). 5 broad and thick arms, which 
arc traversod by n nerve ciirial. (UipreAftorrinus Ooldfuss. Devonian. 

Fum. 0. Stsphanocrinidae. (‘ulyx composed of 3 liigh banals, 5 <lceply 
forked radials. and 5 small jntcrradials ; with l»ran<*hiug arms (oncli arm* 
joint gives off side arms whicli are non^pinnulate). U. Cambrian, Silurian. 
SUphanorrinxis Conrad. 



Vio. lOU.-- /iaplo^ 
erinui 

Uroni 

J>elHgoan<l IKtou* 

ftrd, ft tier W- 
aud S K from th^ 
»nal nlde. 


Order 2. Fistiu.ata {Inadunata Fistu/ata W. and S.) 

Calyx covorocl witli thin plates wlii'h easil>' fall apart from one iiaothor 
and may 1^ prolonged in tlic anal intcmwlius into a usually lu’gh balloon- 
ahapml, or short coiiical tul>o. 'Jdie ambulacral furrows are co\erad by 
alternating covering pioi^os but are not sublogiiuimb Tlio mouth is 
eccentric and KornetirncH subtcgminid (sts^ p. 280). fbisals and^nuliuls 
of tho calyx immovable, <xiiine<'UHi by simple suture. Anns »roo, no 
brachial included in the ''ulyx, uni* or hi-M<Tial, usually br^cho<l, 
the segments connecUHl by simple sutures, widi or without pinnules. 
Interradial onul plat 43 e may be pre-sent in theamd intorradius, ono of them 

* It U somewhat surprising, having regard to their (airly inequality in 
Asteroids, that in flolothurions and Echinoids, in which the ambulacral 
surfoeo of the adult bo much exceeds iu area tho nntambuhn ral, tho right 
and left posterior coeloms should remuiu approximately equal m ri 2 a id 
the larva. 

t Exception Cuprossocriniduo. 
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boing itsiially aratlianul, and anotlirr a special anal (p. 276). U. Cambrian 
to Permian. Other inU'rradials are not present. 

Fam. 1. Hybocrinidae. Monocyclic. 5 high basnls. The right pos¬ 
terior radial compovmd ; the stiporradial small or absent, the interradial 
(rodianal) large. Arms simple unbranched, uniserial. Hybocrintu 
Billings, Hoplocrinu^ Grewingk. Bacrocrinus Volborth. 





Fio. 200.—CvntA./m»i7« lonfinanut Atig. (fMtii Zittvli. a. v.\\\x with arnm. uut. sire (after 
AJtpohn). if, arm fr.itfou'Ut of Anji frt»iii Uic c from (slittwiun llw 

covbTiiic li. calyx c.*vcr of C. iM/crrt'oj Mail , •- tlu* laiiic after roiiiovul of the 

calyx i»!atc3 wl^irh lit the Uitt reiioUiihicral Miftor Meek anti Worlhcni. 


iJ. //t/4:rot*rt;4Monoryrlit. 5 t!ii>tneuf tho radiuls con- 

Bisting of 2 picoe>* l)y u liorizontul tiiiturc. Arms unisoriul, 

braiicla-d. Hall. Ihorrmtui Hull. 0/<wcru,tu> WWlism. 


Farn. 3. 
Fam. 4. 
Fain. G. 
Fain. 0. 
Fum. 7. 


Anomalocrlnldae. 

BclemDOcrinidae. 

CatUlocrinldae. 

Calceocrlnidbo. 

Gasterocomldae. 


Oiev'-lie, In/ral>a.-*al9 fused into a disc. 
With one interrudiai onul plate. .-Vnal o^ventug low down above the anal 
plate and between two rndiala. rucemn Goldf., A/yr/iWocrintt# 

Sandb., NanocrintM Miill. 

Fam. 8. CyathocriDidae. Dicyelic (Fig. IHO). 1 or 2 intorrndials in the 
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andl intorradius and oftan aradianal# 5 oral plates and high ventral tube. 
Arms long, much branched, unieerial, without pinnules. U. Cambrian to 
Carboniferous. Cyathocrinus Miller (Fig. 200), Barycrinus W. and S.^ 
Homocrinus Hall, Lccythocrinua Mull., Arachnocrinus M. W., Oiadocrinu^ 
Ang., Porocrinua and Carabocrmus Billings. 

Fum. 9. Crotalocrinidao* Dicyclic ; calyx of 5 infrabasals, 5 basals, 
6 radials, and a small anal interrndial. Lower brachials laterally in con 
tact. Arms much branched, and branches 
connected. No pinnules. Axial canals in 
arm-plates. Silurian. Crotoiocrmt4j Austin, 

Ena^crinua d*Orb. 

Fam. 10. Poterlocrinidae. Dicyclic. 5 
infrabaaala sometimes liidden by the column, 

5 basals, 6 radials ; 1-2 interradial unals 

and often a radianal. Ventral sac large. 

Arms simple or branched, with long pin¬ 
nules ; uniserial, alternate, rarely biseriul, 

Devonian and Carboniferous. Fo^rioeWnt^ 

Miller (Figs. 192,201), Woodocrinxia de Kon., 

Scaphiocrinua Hall, Agaaeizocrinua Troost, 

Cromyocrinua and Phialocrinua Trautsch., 

Briaocrinua Stemmniocrinua Trauts<'h. 

In the last two genera the interro^hnl plate 
of the anal interradius is very smull or 
absent. 

Order 3. Camkrata. 

The calyx is enlarged by tho incorpora¬ 
tion of tVic proximal bracdiiots : • it con¬ 
sists of a monocyclic or dicyclic base, a 
circle of rodialH, and of n certain nuinher 

of the proxinml brarhiaLM. Tho )ult<*r arc ^'orinccted hy inlcmulial 
(intorhrachial) plates ; tho i)Ia(4jS of tho anal jntc*rradius being i/i<iro 
numerous than tho others, d'he radials aru in conla4*t all round (M<*]o- 
crinidae, Ca!ypto<*ririidao, Platycrinidoe) ; they are si^paraUHi only in 
the anal intorrmlius by an ana! plate (Thysanocrinichio, Butorrinidiio, 
Actinocrini^lue, Crotuloorinidue, H6Xa<Tinidao) ; (hoy aro separated 
all round (Hhodocrinaduo). Infrabjisals arc present or absent, d'hn 
oalyx-cover is a vault of solid plaU's firmly conncrtc<l togc'thor. 'riio 
mouth is central and covenxl with 5 firmly united oral plaUvs tlio IuimI't- 
most of which is often tho largest and projects in bctucon tlio four others. 
Tho orals are sometimes quite inconspicuous The intcrambnlacral plaU^ 
of tho calyx-cover sometimes pr<iject over an<J co\'cr tho uinbnliUTuI 
plates (Fig. 103). The mouth being wvcnxJ up by (he orals, its ordy 
communication witli the exterior is through tho arnbulacTal canals, which 
open at tho base of tho arms and branch oa often us the arms branch before 
leaving the calyx. Anus oxcontric or subcentral, ofum at the cud of a 
proboscU-Iiko prolongation. 'J'he plates of the Valyx are coruiectod hy 
airnplo, smooth sutural surfaces. 'I'hoy are HometiriK'S continueil uitliout 
any break into the intcrambubu-ralH of tho ctilyx-cover. Arms with one 
or two rows of brardnals, usuaKy with pinmi)c*s. DorKal <imals Imvo 
not boon observed in tho bracliiats. U. C*aiiibrian to Oirhonifuroiis. 



Flo ZOL—Atialyi^in of (he < ( 
J^oUriocrinu4 (fr'io /aid. 
After h'ither) a upeiia) anjU. 
a' uitvrrndful utmi. ta r.idluiial. 
f r4diAl. b husHAl. ib JnfrAliru^al, 
hr' prifiuhrach. 


• Except in sorno Platy^rinidae. 
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Fern. 1. PlatycriDida©. Calyx formed of o monocyclic hoM and a 
circle of 5 largo radiols. Intoiradiuls restricted almost oxclusively to the 
ralyx-covor. which consists of firmly eonne-tod, usually thick plates and 
is usually much arched (Fig. 202). No anal plate. Arm-brnnchos 10.20 or 
more* generally free from the distiehaU upwards. There is one pnmibrach 

(Br. J) attached to the ro^lial ; the following 
hrachials ore free and the arm branches dose to 
its base. Pinnules well de\ eloped. The cover¬ 
ing plates of the ambulacra are often exposed on 
the surface of the calyx-cover. Silurian to Car¬ 
boniferous. Plnttjcrintp^ Jlill. (Fig. 202), Cu*l>oni- 
forous. yiorsipoet)fiuA Thither. C^ulic43criHUS J. 

Miill., ('ttnlyhcrinic^ Ang. 

I^arn. 2. Hexacrlnldao. Monocyclic. 2 or 3 
basils, first anal plate* nslii^g on bosuls and 
siniiliir in form to radials. teller plates as in 
Pl/Kycrinidut . Devonian and Carboniferous. 
Di'^hocrimoi Miinst. ; ArthraceDitha Williams 
{Hy ttricrifui^ Hindo), calyx plates bo&et witli 

mobile ^pines. Hcracrinti^ Austin. T'o/ororrinu^ 
Fig 20i.—/VatvrroM^^ triyiie w <r. 

(rcston*d after do ■* . . m 

K *nni.kfroni ZuuIk Fain. 3. AcUnoCfloldae (I'lg. 103). 

cyclic. Calyx computed of 3 hasals, •> ra<lials, 

f) y 2 primibrnjdis, and 3 \ a variahh' numl'cr sOi’UiKhbrac'hs. Pirst 

anal interradial plate reeling on basaln, the <.»lher first intorrailials upon 

Uko riidiuls. .\rms Tj to 30 or more, uni- or bi-serial with h»ng pinnules, 

Ca!\ \ K -\^ i usually nnu li arched and iimbulacra of ilisc liiddtai by inter- 

amlkularoil W’ith without imal tube. I'. C'ambrian to Carboni- 

foroiiH. i'urpocrin)),^ Mull. Artinoermrit Mill. Caciotrinw^ W. and bp. 

(Fig. 103). Sfroi^irrintts M. aiid W*. C’a8se^.luy, Dori/rrintw 

Roein. J)t '4W .Atig. . Ir/uricccnau.H 'Proost. 

Kaiu. 4 Barrandcocrinldae. Monocyeb**, 3 basals. Arms biscrial, 

IntorallN' fu.si d wuh eueh <.»ther. and herd bark so as to lie with their dorsal 
* 

siflcM agtiinst the (alyx, »si)uiiufi. Parrandtncn'ntis Ang. 

Kaiji. ". Releocrinldat. Monoey<lic or dieyi*lic. Infrabasals when 

presmt 3. ba'«<ds 4 or Kadials ►eparato^l by a largo spoeinl anal which 
supports a \ATiif lil rov\ uf unuis. T)ie spaces on eitlicr side t»f this row, 
ns well tvs tie* idlnT fv»ur inlerriuhi pH\o<l witli minute pieces. U. Cam¬ 
brian. rniuA Ihll. XenvcrifDif) Miller. 


Fam. tk Thysanocrlnldae. Di-yclic, radiaU in contact laterally ex¬ 
cept at the p*»slerior aide, where they are separated by an anal plate, 
V. CaTfibriun, Silurian. Dim*‘rocrhin.^ Phill. {OlyptO’^^tcr, T/iysanorrinus, 
£'ii/'rfnuj*). Cjfphtorriniut ot c. 

Fam. 7. Rhodocrlnldso, Di» yelie. Calvx coinpc>sod of 5 infrabasals, 
5 ba.sale, 5 >: 2 priiniliraehs and ]U I 3 secundibrncha ; interradials 
numerous. The first intorrodialK insortM bciwecui the radials and touching 
the basala. The anal ititerradius hardlv distinguished from the others. 
U. Cambrian to CarTkon, Lyriornnw9 Hall, Wocrinws BojTich, 

BAodoertnus Miller. 

Fam. 8. Melocrloildas. Monocyclic, 3-5 basuls, radials in contact all 
round, neither anal nor interradmls touching the basals, 2x5 primi- 
brachs, and 2 to 3 x 10 secundibrochs. Arms 5x2 with secondary 
branchee which bear the pinnules. U. Cambrian to Devonian. Melo 
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crinwt Goldf. (Clenocrinuti Bronn), Xenocrinus Miller, PalrUiocrinua 
Ang., Glyp(ocrinu<t Jlall, Conjmbocrimia Ang. (PohjpcUca Ang). Stehdio- 
crintia Ang. (Harmocrinu^ Ang.). 

Fam. 0. Calyptoerinidae. 

Monocyclic. Calyx regular, 
composed of 4 bosale, ft 
rndiala in contact, 2x5 primi- 
branhs, 5 aecundibruchs ; all 
interradii alike. Arma 20, 
biserial. Silurian, Devonian. 

(■aUierinuB Ang., Eticalypto- 
erintu Goldf., Hifptinfhocrinua 
rhill. 

Onler 4. Flcxiiuma. 

Colyx cover flat, floxililo, 
with loosely arranged inter- 
omhulacral plates. Ambu¬ 
lacra with alternating <-ovor- 
ing plates, their calyeino p«*r- 
tiune apparently not covered 
hy interuinbiilacrul plates 
^Fig. 105). Mouth central, 
open, surrounded by 5 orals. 

Anus oxcentric. Dieyclir, 3 
or 5 Hinull infrabnsaU, often 
hidden by top joint of 
stalk. Tho calyx extends to 
the lower brachials (priinibrachs, socundibracha and Bomotimes terti- 
brachs being included) and the brachial plates of tho calyx aro united by 
articulation, not by suture. Tho brachials incorporated in the calyx 
are either in contact laterally or separated by intorrmlials extending to 
the bosals or first rotlials. A single n/.ygos (anal) plate sometimes present 
in the posterior intorradius. Arms strongly branched distully, uniserial 


a 



F20. 204.‘—hi9r$upiU4 UMydinafiu$ SHiloth. (Alter Zittel). a cMUyw, daI. eltc j b raOJAi with 
tlie lint arm aegmeot ; c upper part of anna. 

with or without pinnulee. All l>r(u*hia]ia with Uornul ounol (oxcopt sonio* 
timee in the distal brachials), and unitoJ by articulation* U. Cambrian to 
Cor boni fero u s. 



Kio. 203. — Tazoerinu$ $pUnd 4 ti$ Mill, and Gurley 
(IfoiM Lang), ir, iri, tf2 Int^rradlals. (^ccundi* 
Itraclu (dUtichaU), ba boaab, in(rabikSAl!(. cu 
f radlala, C2. O primlbmclis 
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Fani. I. lebtbyoorinldae. With characters of order. Ichthyocrinm 
Conrad, Leoanocrinua HalJ, Taxotrinxit Forbos (Fig. 203), Forhesiocrinua 
de Kod. 

The following genera are allied here : 

Maraupxtea Mant. (Fig. 204), Upper Cretaceous of Europe and Asia. 
Calyx dicyclic, large, unstalked, composed of largo thin plates, viz. 
central (T centrodor^), 6 infrabasals, 6 baaals and 5 radials (Fig. IDl). 
Interradials and anals absent. Arms entirely free, branched, uniserial 
with dorsal canal. 

Uintacrinxia Grinnell. Calyx pseudo-monocyclio, symmetrically penta- 
merous, unstalked, composed of thin plates. Infrabasals sometimes 
preserv'cd, but usually atrophied. 5 basals enclosing a small pentagonal 
centrodorsal, 5 radials, and 5x2 primibrachs. Tlie axillnr>' primibrach 
carries two rows of secimdibrachs which gradually pass into the arms. 
Intereecundibroclis, usually 2, may rise to 8. Arms long, thin, uniserial, 
with numerous pinnules, connected over the oaljTC wall by large inter- 
brachials- Upper Cretaceous of Kansas and Westphalia. 


Order 6 . Abticulata J. Miill. {Neocrixvoidca P. H. Carp. Cano/ictito/o 

Chapman.) 

Calyx-cover membrannue, or with usually flat, loose plates. Ambula- 
cral furrows and mouth open. Orals are present in the young state, and 
sometimes in the adult. Calyx regular (.all interrsdii alike), pseudo- 



monoeyclie (i.o. the infrnbnsnl.s usually not separate, 
but atrophied or fused with the top stem-joint); 6 
basals sometimes not x isible externally ; radials laterally 
in contact except in Thattmatocriixxui. 6x2 primibra- 
chiols. Anal plates always absent. Interradials rarely 
prcs('nt. Arms branched or unbranebod. Stalk pro- 
haljly always present in the young, but absent in some 
arlulta. Bnaals, radials and brachials perforaterl by 
dc-rsal canals. Anns (with one exception) uniserial or 
alternate, with pinnules. 

Trios to present time. The group includes nil living, 
tertiary, and tnes>>zoic Crinoids except Marnupitca and 
l’in(ncTintiJ>. They are mainly chararterize*.! by the 
open mouth and ainhniaeral grooves and by the dorsal 
canal in the unn plates. 

Fani. I. Encrinidae. Calyx dicyclic, 6 small infra- 
basals stuck on t>> the top stoni-joint, 6 basals, 6 
radials. intorni tiids absent. Calyx cover archod and 
plateil. Ariut divide oneo or twice, close together, 
biserinl or alternate. Trias. En^riuua Miller (Fig. 205). 

Pern. 2. Aplocrinidas Calyx regular, composed of 
very thick plotes, 6 largo ba.sals, primibrachs 0 or 
2x5, and sotnetiines socundibrmdis. Pseudomono- 


the infrabasals being fused with the centro- 
(irom CTsiia). dorsal. Interradials are sometinioa present, but above 

the nuiials. Calyx cover plaU<d. Anns branched with 
long pinnules. Stalk K>ng. circular, rarely pentagonal, without cirri often 
much expanded near the cjilyx. Jura. I'bnik. present tlay. Apiocrinxta 
Miller, f ; OxtetUinivcrinua d (.)rli., f ; Aftllertrrinua d'Orb , f ; Acrothorilo- 
ersnus TrautecholJ. f ; Ctxlanuxrinxia A. Ag.* rewnt. Galapagos Island. 


• A. Agassiz, CalamocrinuA diomedae, Mem. Muaeum Comp. Zoology. 18M2. 
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Fnni. :i Bourguetl- 
crinldae. Calyx small, 
consistinfj of Imsals, 5 
radials, and sometimes 
2x5 primibrat-hs. Calyx 
rover mombranons with 
5 orals. Ambulacra 
with covering plates, but 
without aide plates. 
Stem with l)ranching 
root. .Jurassic to pre¬ 
sent liitio. Bourgueli- 
rrhiuji ir()ib. Tertiaries; 
Bh 'lofrin U'l Sars (Cono* 
d'tJi'b.), the orms 
uro very vari.iblo in 
number, uiitiif To speci¬ 
mens examinod by Sara, 

I. T hud 4 arms, 43 ha<l 

I.) Imd G. 2 had7(W. 
Thomson. Depih* of 
,SVo, p. 44«) ; Kocene, 
and pn‘sent time at 
^rciit depths ; Wmo- 
rrinufi H. Carp.. Crctaco- 
ou.s: lialhyrritiit^ W. 

Thoms (Fip. 20G) recent 
at great tleptha, 10 arms, 
orals uhorted. 

Ithi'.ocrinu^i (Fig- 207) 
waa iliscovertvl I'vt' t)- 
Sara among the I,s'fotcn 
Islands in lHr»4. fho 
iuK-n-st of tliis dis^ iiNery 
l(‘«l to the expedition of 

II. M.S. Li‘jhtning in 
ISiiH. of the roreupiff 
Isnu 70 , when fialhii- 
vrinti.f was iliseovertsl, 
atid later of the Ciutl- 
/»ri</rr in 1H74. 

Fam.4. Saccocomldae. 
(.’aly.x small, heinispheri- 
<al. non-pedunculate. 5 
tlhn radials. elevatod 
into ri<iges Anns 6x2, 
arm i)lales cylindrical 
with wing-liko expan¬ 
sions, Upper Juraasic. 
Sitrx-oconM -4g- 

Fani. 5. PentacrlnldM. 
Calyx small, consisting 
of Ct basuls, 6 radials. 


Prnftjerinus tcyitHf tfi'^rnsoni J-’ITr**) * 
Urum WvviM** rii ‘Mixfui. 
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and 5x2-3 primibrachiala (with 5 small mfrabnsals in ETiracnnus). 
Arms dhidod 1-10 times, with pinntiles. Calyx cover membranous, 
containing thin loose plates. Without c.-als in adult. SUlk long, penta- 
TOnal. rarely cylindrical, with whorls of cirri, withoiit root like process^; 
two jointo are united by sysygyat each node, of whicli the upper bears the 
cirri. Trinasic to prewsnt time. Penlacrinu^ Miller (Iaocnnu« v. Meyer 
1837) (Fig. 208), the 2nd priinibrachial is axillary. Tnassie to present 
time, P. MUritu L. {caput mtdwae Mill.), Caribb. Sea, 120 fms. : t'. 

mHUeri Oorst, W. Indii's r.n-531 fms.: P. ti-yrd/eW/*<wwon» Jeffreys. 
800-1,100 fms. Extracri-xtta Austin {Penl'i-rinu^ Blum IS37.) f. j^fetarnnua 
P.H. Carp., recent. Pacific. Ualanocriua Ar J. y. Meyer, Tnjw. 

Fam. 6. Comatulldae. In tho young state stalked, ater unstalked 
and freeswiniming. (’nivx composed of a controdorsal plate with cm , 
infrabosalfl visible only in larva, fused with ecntrodorsal (top stem-segment) 
in adult; 0 more or less roduccil ba.sala. which .nay be y.sihle ^^‘tcrnally or 
hidden, 5 radials, and 5 X 2 or inon* pnm.bracb.s. In^rrmlials • 

CaJyx-cuvor membranous, rarely with thin plates Orals 
adult. Arms simple or branched, with piunuivs. 

More than 150 living siK-cics. mostly in shallow water, bias to prosont 
time. Antedtm Fr^mink. {Cn,nalula Lmk. etc.) (F.p. 18H). 

more, the second primibraeh axillary, Lias to pio.-^cit • liiarnv 

P. H. Carpenter. 5 undivided arms. I. and r. Pac.fic and ^ 

60-000 fma. Actinometra Miiller, month excentr.c. Jura to I bio 

moat seas, littoral to 800 ft.is. AiaUcrinua P. H. Carp., with I asals x .Mblo 

on outaid; of calyx, r. trop. Atl. and Pao. 

with 10 rodtala (basuls 5). recent. Pacifu- and b. Sea, i 

ThioUiericriniu Etalloii. Jura and Chalk. 

The position of r/u,uinofocrm.« P- H. C'arpentcr (one spo nen m. >. 

8. Sea. 1,800 fathoms) is very uncertain. It •« unstulk. 1. 
composed of a controdorsal witli cirri. 5 basa s, a tat'cring 

mdiols wluch touch tho basal.s, tho anal interrai lu ca . ^.^,nt^al 

4.iointed procesa; 5 arms, unbranched 3 ro^ 

with 5 large orals aoparatod from the edac of tlie < a yx >y - ^ inU-r- 

small irregular plotea. In tho separation of its rad.ula late. V 
radials it recalls tho Camerato family Uliodocrmidac. lu I * 

Xenocrinus, of the same order, the redials are separu * > ^ 

small intcriadiala. In some rc-ent (Yinoids etc In 

always above the riulials ; they aro therefore erpr ‘ it Vescinblos 
the slntcture of ita calyx and in the entire froedum of lU arms, it resembles 

"■Th^fonri;;;' fa„uli.» may (a, -nanlian... hare. U,....ah ahero they 

Should be really placed in the system is a ^ely 4) thick, firmly 

Fam. Eugenlaciinidae. ‘•'"'"r, .«..».'‘a ■know,., 

connected radials; baaiiln aro abw nt amJ thu > -.irri Axial 

sulk short, composed of lung, cylindrical v the r^ 

C^U are present, and the ba.-»ila are PYr^'* * Y *'*^tWnwcrm«a Miller, 
Liaa, Jurassic unti lower Crctiuvous of Luryi . i 

BuAe*icrinna Loriol, Tetrarrinua .Muiist., Phiflhcrtnua < ’ . ^ ^ 7 j 

Fam. PUctOCrlnldas. Calyx .'-on.,.used O 4. b oj orcup 

high, thin radials and of a 4- U. (l-sidcd “"‘‘‘'Ymbals carry an axillary 
^de and deop. Calyx c.-var unknown. Ihe 
primibraeh from which 2 unbrauchoil arms uiisc.^ 
ejrlindrical joints. Plicatocrinus Munst. Vpp~^ jurassa.. 
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Fam. Hy 06 rlQida 6 . Calyx high, composed of 3 boaols, somotimes 
fosed, and 6 ^adiats nearly equal in length. Each radial bears a small 

undivided arm, brachials united by syzygy 
into groups of 2 or 3, only the distal of which 
bear pinnules. The proximal pinnules €ut) 
longer than the distal and reach to the end of 
the arms. Calyx cover plated, with 6 large 
orals round the mouth, with covering plates. 
Water pores perforating the orals as in Rhizo- 
crxnus, but more numerous. Hyoerinua W. 
Thorns. (Fig. 209), 1.000 to 1,000 fms., Atlantic. 
By its colyx Hyocrintut is related to the Larvi- 
fonnia, and by its pinnules which all terminate 
at about the same level, the proximal being 



am 



ax 


.e 


Fiu. 2)). -•//v-rri-iu. W. Tlioin.v (from ZUtrl. after W. Thonw.l. A 

twlcp nat .ir..-, U coly.x-iovor iimRuirt.-a . am aiutailacrml grooves of arms, e a uni c.in.il 
of arm jnmt*, an .«nvLs. m mouth, v oral j-latc.i. 

I 'liger than the di-ntal. to CmUhocrimta. where, however, we hn\o to tlo 
with branching arn.s. not pintniles. Gtphyrocrinna • Koehler and Bather, 

1780 metres. Canaries. 

Fam. Holopldae. Calyx mp ?.)iaped, containing 
oli the viscera and tixe^t t>v its base to the sub- 
fltriiturn ; no stalk. Tlie riilyx shows n distinct 
sutures dividing it into ureas, so (hat it is iinpos- 
siblo to Brty of wliat plates it in composed, though 
there are slight indications of a composition of 
rodmis at the upper end of cup. Hi massive arnio 
ck.f««ly rolled in \ipon the calyx cover (Fig. 210). 
C alyx cover with .5 largo orals and marginal plates. 
Anus not observed There is one primihrachial 
(jf wo mnv so c.til if) articulated to the «lge of 
the cup and 10 urmn-brunehc.^. l'innule.s present. 
Wo/opjt., tl’Orh. D.H.p water, Caribbean Sea. 
Ihc first Hpecimcn fotitul in 1857 wiw tetrora- 
ute, more specimens .s\ibscrjuently come to 
baud, an.l it w^w eventually found bv the Blaka. 
The Blake specimens were dredgwl at 100 fms. 



FlO. 210.—- Uoiopiu ran^i 
d'Orb. Side view» nhow- 
Itkg ibe 10 mniJs tfcut 
over the cmlyx cover 
(xlUr Agkuii Irocn De- 
kage ftDd HteooArd). 


• Mem, Soc. ZooL France, 15, 1902, p 08. 
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Oyathidium SteenBtr.^ Cretaceous and Tertiary; CotyUderma Quenst 
laas. 

Bolopus is quite uflWke any other Crinoid and it is impoesible to fix the 
Systematic position.^ We do not even know the constitution of the calyx 
or the position of the anus* If the calyx is coEnpoaed of basals end radials 
only^ the genus ought to be placed with the Larviforznia. 


07STIDEA AND BLASTOIDEA. 

The Cystids and Blastoids are entirely extinct and their fossils 
have only been found in the Palaeozoic rocks. They differ so 
much from living Echinoderms that it is by no means easy to 
interpret their structural features or to assign them to their 
proper systematic position. It has been customary with zoolo¬ 
gists in recent years to associate them with the Crinoids in a 
subphylum Pelmatozoa, the remaining Echinoderm classes being 
united in a second subphylum which lias been called Eleutherozoa 
(Bell) or Echinozoa (P. H. Carpenter). We cannot think tliat 
it is for the advantage of Zoology to adopt tliis classification. 
In the first place the Crinoids are not sufficiently distinct from 
other living Echinoderms to justify their assignment to a 
separate group of the dignity of a subphyluni. In the second 
place our knowledge of Crinoid anatomy is detailed and com¬ 
plete, and based upon a minute study of living forms, while 
our knowledge of Cystids and Blastoids is vague and unsatis- 
factory to an exasperating degree. To take the forms as.signed 
fo the Cystidea alone, we cannot even be certain wlietlier we 
^re dealing with a single class or whether the range of structure 
met with would not more properly be distributed over several 
classes equal in value to the other Echinoderm classes. To the 
zoologist the great interest attaching to the study of Cystids 
consists in obtaining an answer to these questions. Tlieir 
^ociation with Crinoids seem to us to make it more difficult to 
obtain an answer. It places us in an entirely false position with 
J'cgard to them, for it implies that we have a considerable know- 
go of their anatomy and so may cause us, in the liglit of our 
knowledge of Crinoids, to strain our interpretation of 
* cult or doubtful Cystidean structures in a manner and to an 
®*t«nt which may lead us far from the truth. For these reasons 

fiy Jockol and Bathor near the Euge/iiacrinid« on 
-'•count of lU arm etructuro. 
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we prefer to Bubordinate the Cyetidea and Blastoidea to no 
sectton of the Echinodermata and to treat them ae mdependent 
classes, which in respect of their upturned mouth, their orally 
placed anus, and their aboral peduncle of attachment recall 
Crinoids, but which in other features of their anatomy show 
considerable diversity, some having obvious leanings towards 
Echinoids and Asteroids, and some seeming to be representative 
of a stage of structure in which the symmetry of the modem 
Echinoderm had not been evolved. It is indeed highly probable 
that the Cystids as at present constituted contain heterogenroos 
elements, which should be assigned to more than one independent 
class. Already highly competent authorities have separated 
from them the Edrioasteroidea • and there is much to be said 
for separating other members of the class. 


-p. 

o- 


I 


C 1 *M OYSTIDBA.t 

StaUced or unstalked forms with calyx which is usually composed of wr«j 7 «* 
larty arranged plates. Arms are imperfectly developed or abserU, and ww 
radiate symmetry is often very imperfect or absent. The plaUs of the ealyx 
usually possess pores. 

The Oyatidea are entirely extinct and only known to ua by their foeai 
remains, which so far us our present information goee are confined to the 
Palaeozoic rocks. ForthU reason their etnicture is and must remain very 
imperfectly kn«)wn, and the eJasa presents great diflScultiee to the zoolo¬ 
gist. These cannot ho overcome and wo must content ourselves in this 

work with tho description of a few fonM 
which seem to represent the considerable 
" range of structure foimd in the group. For 
fuller information we refer the reader to the 
excellent account contained in the two works 
cited. 

The most significant characters of the 
C.vBtids are (1) tho irregularity in the arrangO" 
mont of the thecal platee which is so often 
fo»ind in them ; (2) the absence or feeble 
developjiient of arm-like structures; (3) the 
Vio. fill— Cj/tt»>ur ffra-tuiijiui fact that the generative organ seems usually 

“"S'® 

Uvt: The two left-hftnil raya (4) tlie fact that in soroo of them there doofl 

SSiS “c” '>“'® »>«■" “ 

oihem(from BAthcri * 3. At If wo nro to have phylogenetic speculations 

' ^>..1 obvioudy b. taken into 

pistes. \ iTy onrcful condideration* 


AS. 



IflO. 1 

from the po^UTior stdo ahuw- 
loathe ora) Aurf.ice In |>cnipec- 
iivo; The two Icft-hftnil raya 
retsio the roveiio$f 
which arc Irtau the 

oihem (from BAthcri ^ 3. At 
sails ; ep covertn^; |dAtus ; o 
pcrlstomlal plntcb ; alU<* 
plsus. 


• See Batlior» op. cif. 

t Zittel’s Text-Book of PalaeouuA.-njy, vol. 1, London, MacMillan * Co., 
1900. K. A. Bather, chapter t»n Peliiuitozoa in Lankester's Treatise on 
Zoology, London. A. and C. Block, 19u0. O. Jaekel, Stammesgeschiohte 

der Peimatoeoen, Berlin, 1899. 
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The body conaiste of a calyx which is cither prolonged aborally into a 
atalk (Fig. 215, otc.) or is without n stalk (Fig. 211, etc.) In the latter case 
Cne body was probably attju hcd by its aboral .surface to the substratum. 
When a stalk is present it fro<jucntly has rather the appearance of a taper* 
ing aborul ootitiiuiatiori of the body (Fig. 212) than of a sharply differen- 
tiatod Btoin like that of the stalked Crinoids. 

The stem, which is oft<jn very short and with¬ 
out cirri or roots, does not, as a rule, appear to 
have served for attachment. It is frequently 
coiled. Tlie calcareous plates of the Inijy wall 
are usually numerous and irregularly arrjingod; 
but sometimes they aro larger, few in number 
and arranged in definite cycles (e.g. Cysiob/ustus 
Fig. 213). They arc united by sutiire.s. There 
is as a rule no sharp lino of dcunanuition between 
the oral and aborat surfaces, or betwet^n the 
plates of the nulial arul inlcriiultal areas. 

The nmuth is at or near tlio centre of the <»ral 
sorface and is sometimes coverenj hy oral plates. 

In the siniplc.st forms ambulacral grooves are not 
visible (Figs. 212, 214) and no radial structiiro 
can bo nuule out, but it is asserted by Harriind<^ 
that suci) forms probably have subtcgininal 
grooves. Usually umbulacral groove.^ jire pre¬ 
sent, and they are p/aecd either on the surface 
of the calyx (Fig. 217) or cm proces.sc*s of the 
edge of the nmuth (Fig. 21b), They \'ury in 
number from two to five and inuy branch. They 
frequently possess ro\cring plates (Fig. 2110 
which in life must havo been c*apablc of being 
folded back so as to cxpo.se the groove. Arms 
arc often quite absent, and when prc*scnt aro 
usually small. They cilhcT project from tlu» 

6<lge of the moiUh (Fig. 210) or further out from 
the calyx (Fig. 220). The anns vary in number 
from two to thirtc'on. In some cases the so- 
called ar.ns resc'iiible pinnnlc*s, ns in (Jlyitlo- 
tfpliatra^ Protocrinufi (Fig. 217) in whicli the 
arnbulacral grooves branch and en<l in small 
arms : thesis may perhaps be culkni brachioles, 
though it is oftcai iriipoH^ible to 844tie whether to 
apply the term brachiolo or pinnule lo mi arm- 
like process. Undimbted pinnules arise from thn 
edges of the arnbulacral grooves in sc>ine cases 
and the arnbulacral grooves arc conlinuid on lo 
thorn (Fig. 216). The uiius is on the Bafr»e sur¬ 
face 08 tho mouth but excontricully placed in 
on interradius (Figs. 211, 217, etc.) IJetwwn it 
and tho mouth two openinge cuii in some cases 

be made out ; one of these, that nearest tho anus, is interpreted os the 
genital opening; tlio other is supposed to bo tho water-pore (Fig, 214). 

If tho interpretation of tho first of those openings is correct, it would 
appear that tho genital organ of Cyatids is in tho calyx and is not radially 

^IIl. 



Fro. 212. — Dt n4rocy$U% 

Stdgttitki fafU r BurriinJc-, 
Irulri liother). A9 ftuuj) . 
Br the arm-ilke appeu* 
dage ; it sUia. 


Z 
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arranged. But the eo-called genital opening has only been observed m a 
few cases, and it may be that in the forms with pinnules the gona<^ were 
in them. The identification of the other opening is too precarious to 




4 

Tio. (after Voltwirth, frt'iii leather). 1 oral; 2 postcrioi < 

3 a bora) vkw; 4 analyst#, with ilutes numbr’fi'i!. Jf arnw : • anal Int^jiradhia Id l\ 
M wAU?r- 4 *<tre ur pcncratlvo ojA)Qlng; $p plaice on the Qoor of tho amt grooves; Sr 
AttachTnenI i f 


allow of o\ir drawing any inference^ nit to the relative poRition of the 
wnt4?r-poro and «inu6, but when the ma^lreporite can unclnnht^ly be dis- 
tinguiehed, it is plac6<l in tho same iTiteTTa4.1iiiB as the anus. 

The calcart'oufl plates of Cj'atida often seem to be rnmposed of three 
distinct layers : a Bmooth and thin outer layer^ tho cpisterewn ; a thick 


A 



TlO. 214.— Aritic^ttU bchtmicus. A, from 
raada)* sn anus ; d mouth ; gt'oe/ati^ 


B 





p left side, n from the oral face (after Bar* 
i»[H*uing . mJp IiyiJn.>pons. 
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niifWIo Inyor tmvorscd by o«niila, tho \ and a tlnn smooth 

inner layor, the hypoaUrcom. In many Cystidea tho middle layer is 
traversed at right angles to tho surface by canals, tho ends of which aro 
clos^ by the epiatemom and hyposteroom. if these layers are preserved. 

I the latter are weathered off the canals appear to open in surface pores. 



Pf<l. 2ir». A9UrofAiUu$ Vaihttrfhi (iilhT 
Srirm It atui lliMirr, ^ronl niiil 

|>IaUv ; /i |iirMiiilo>, /></ 

stalk ; a niflinl 



21 ^. — f!ehitto 4 iih^rra auran/ittnt 
VollHirtli). cirt aittiit; b mouth: 
wi;h r-j>ufo. The 8talk prujoef^ UvUns. 


Those pores iniiy ocrur singly (hfiffloporcb) or in (th'phporf/i), W'lion 

(ho onnulfl aro la (ho <'x(oriiHl op^nin^s of tx pair are plncod in a 

cninrnon pit on tlio 

lit flomo forma, chiKH4><l hh Hhorahih ra, rannls are on <1 in tho nioao- 
ateroorn travoraiiix tho platen parallel Ui tijo Hiirhic'e; thvso canals oxtand 
acroHM tho Hutiiro, »il ri^ht au^jles it> H, to ho continunuH with siinihuty 
arrangcyl ran a la on tho nri^'lihonrin^ plates 21H). 'J'liey are so ar* 

ranged lliat (li(ar tmuiniilJonH foriri 
A rhornlHc ligiirr, tho cliagonul cif 
'vhich in owupiod hy tho nutnro 
bolwcMni t!io ]jhitoa conrornod. Kor 
this rranon nrul In'cauKo tho l<‘r- 
fninaliovm of the ranuls ofton boricl 
oiitwarcls riiid appc^iroti tho surfaro 
en porra, the hgurcrt r4iuiied l>y th<*in 
Are ra|]o<l porc-rhornhs { Fig. 21H). 

At thoir eiidu, aral soinoiitnea ul«(» 
near llio siitiirc, tho riinnla may 
nUo l>oiicl nraond a hr/inrh inwiinlH 
to tho inncT oi flio nioM^- 

itorooin. I'rof. Jarhrl c<atjjMin*« 
those terniinrit vert 14*411 4*41 nulM with 
the two canals of u dipl<>f>ore^ and 
0nppoara the horizontal cr'i'ial to 

ropresent tho peri*poral drpreeaion greatly rxU*ndod. 

In Some forms^ however, t)io canals of tho rhombs have tho form of 
grooves, tlie sides of which projec t on tho exU^rnal aiirfoc-u of the plates, 

that tho stereom appears ss though thrown into folds. I^€c(if\i~rhoft%b9 
^ pore-rhombs in which such folds or grooves are very drop imd at the 


.if 



<x/r> 


Kiu. •i\7,--PfU'>erinu$ ifrifi/tmit (alter Vol- 
tK>rfh ln»m Deluge and an 

nriUA ; b mouth ; mdp sater'iKira. 
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Eiamo time restricted in aree^ and often surrounded by a raised rim. 
Wliile normal pore-rhombs are usually found on all or most of the plates^ 
pec t ini-rhombs only occur on a few plates 219) in definite post- 

tions. The grooves of a peotini-rhomb are frequently filled up or bridged 
over Doar the suture, so that the rhomb as seen from outside appears 
to f'oneist of isolated halves* These halves, howev^er, remain connected 
uithm tJio meaostereom. 



in 21K.—Por»?-rhomlH (a) oi EcSinjift^ti^r i, U*\ of Caryoerinus troin Zittel). 

The Wit liaU of a la ftbradeJ, so that the canah appear aa open pr<K>ves. 

It oppears tliat i\\o canals, %vliothor of the ordinary pores or of the 
poio are tvpirally in the mesostereoiii, and do not open on the 

stirfarc, hi'inp covon d by the epij«tercom and hypoKtereom re«pe<‘ti\*oly, 
thnu^h if tlir.'o layorH twr nbsrnt through wcallM^ring nr otlier cause, tlie 
r/inalfl app^'ur in nu* he <>poni It is possible tfiiit they are duo 

lo (ru t-* ^troni:i ci^pii^nniiur lihind spaces t^u^•o^s|ng the stereMn», and 
Mr. Ibitlh.r that the caiuils of the poiv*rhombs aro iU!\clt.»p^ 

f B 



Fin. 2 tn jri.u ^ MU) 

(iiitturiil t7\,. B r.il 

17 <*|K*nlTv^ : ff fMoiiUi 



T; I rr >,iunAii. l.*»rkj«»rt. New York. A froDi the 
arid iwu pc»*tliirtt*.'*l r1iuinl«i rh. cn anas; 


inonta from fohlin)j>< t!a« j^uch a.s exiRl in many Crinoids, 

being due to flie natural * m nf the stroma til>res m the integument as 

it beciuncH l ali IMin). t Idiu^.s .. . t<.aviird8 the surface by 

the secoiulury dep‘ hU i «•n of i*|»istert'oiu mul ljypt»stor<*oni. When the 
?pieteroom was ver>' thin i»r absent, as appears souuetiines to have been 
the cose, or when it has bvcn roiuo\ e*! by wi atlaTing, these gn^ov'es of the 
mesostereom nppciur to be open and their e^iges projt*et cai the aurfnee of the 
plates as ridges* Whetlier this \iow of the real nature of the canals is 
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correct or not, it appears certain that they could not have been tubes 
loading from the exterior into the bo^ly-cavity of the animal, because they 
are in so many coses closed by the layers of opi- and hypostereom above 
referred to. Structures very similar to poro-rhoinbs, having the form of 
deep folds crossing the sutures between the plates are found in many fossil 
Crinoids (see especially Porocrinus^ C(irabocrinu9 and Hybocrinus). The 
ordinary structure of the mesostereom, simulating folds, is best seen in 
genera with large plates such as Marsxipite3 and Croialocrinus. 

In no Cyetid except the Edrioasterida are pores present along the arnbu* 
lacral grooves which can have served for the passage of tube-feet. AVhether 
tubo-feet w'ere present is, ho\ve\'er, another question. 

The Cystids make their appearance in the Cambrian in w hich and in t)ic 
Silurian they arc represented by a great diversity of forms. They die 
out in tho Permian. 

Order 1. .AMiMioiiiDA. 

Forms without rudiat symmetry. Often with irregular arrangement of 
tliocal plates ; usually with a stalk. Body often bilaterally compressed 
with two food-grooves {Trochocystis). The plates may possess canals, 
but their ends uro not open. A variable number of arm-like processes 
tnay bo present in some gem ra. Arisiocysiiy Bar. (Fig. 214), upper 
Cambrian. DffiJrocystis Bar. (Fig. 212 kU. Cambrian. 


Order 2. l<no>fnin?HA. 

Usually with u stalk. With radial symmetry of tlio ambulacra] 
grooves and in some forms of the thoial plates. Tlie ambulacra] 
grooves usually extent* on to procc-'^e.s of the theca (bracbioles, arms) 
arising at tlio edge of the mouth {cx*»thc(ul) (Fig. 21t>) or they may 
extoiid outwards for u certain diKtame on tlie theca, but in this case also 
they uro exothetjil ns they tlo not lie on tho thecal plates, but on special 
])hUcH. W'ith pore-rhombs. \\ bon the p)at<*s are largo and regular they 
are arranged in cyclo.s and tho base is dicyclic, i.e. infrabasals, basals, and 
rmlials arc present. In Caryorri/iu.f and I/ftnirosmtU9 tJicrc are 0 basals 
and 0 radials, in most others r>. Pchinof^phntra Wald. (Fig. 21G), arms 
unknown, U. (Cambrian. Arw /inot Netun., usually three arms, U. 
Cambrian. Cyftiobl^iMtu.i V«db. (Fig. 213). F. Cainbiian, may possibly have 
possessed pinmiN*.s arising fiom the odgen of the atnbulucml grooves, with 
4 infrabusals, 5 boards and 5 ra<hals. J^lntrocy^tif* Bill, U. Cambrian, with 
two urms. Callocy8ttU9 Hall (Fig. 211)), Sihiriun, 
with 4 pectinated rliombs, v\it)i iimbulncr4d 
grooves on the calyx, some of wl4i4]i bifur- iito. 

Pchinoencrintm il. v. I^Iuyer, 3 Hinall arms, U. 

Cumbrian. Lf//ailorrinUff Conrad, Silurian. Caryo* 
crinus Say, ariiis 0-13 in nundxT, Silurian (Fig. 

218). liemico9fni(€/i v. Buch, U. Cumbrian. 



Order 3. DienoPoniOA. 

With radial symmetry ; w itli ambulucrol grooves 
on the theca (epithucal, Fig. 221), provided with 
lateral pinnules (Fig. 210), and continued on b-) ter¬ 
minal bracliioles (Fig. 220); with dipJopores, with¬ 
out rhombs. Eucystis Aiig. (Fig. 220), U. Cum¬ 
brian. Profoerinus Eieh. (Fig. 217), U. Cainbriin. Mesocysds Bather 
{Besiks Hoff.), U. Cambrian, with C ambolueru with covering p)at« 


FtO. k‘ucifiti4rari^ 

e uncijta (mitre Auk*** 
D, from Drlagr it rid 
U^rouxrd). An ouiu. 
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and probably with pinnnloa atla<*he<l to tlio rovorinj? pliitos; the 
pinnulea distinguish thorn from EchinoiJs which they nthorwigo resomblo 
(Fig. 221). The amhuIacTa] grooves extend almost the aboral pulo, and 
there are furrows passing between the covering plates which may have 
served for tube-feet; they do nut appear to hav^e had a stalk but they 

may have been fixed by the aboral 
pole. AsUrohla^fuA Eichw. (Fig. 21fi)* 
X', Cambrian. nUtsiovlucrintiJf Itilliiigs, 
V. Cnrnl>rian. The two lost tminod 
genera arc placed by Itathor with tho 
lihiRt<ads. 

Order 4. Edrioa.stkrtda. 

With ruflia) syininelry and, in Bnnn* 
forms, pores l>etween tho uinbuhronU 
plates 03 though for the p^iSHUgo of 
h rt; tho theca is of irregular 

plates, tho iiuulropiirito m well murkiH.1 
and lies near the mouth in tlio same 
imeniuliiw i\s tho anus (Fit?. 222) ; no 
pinnule:^. Tlierc dues not a[>poar to 
have hecn a stalk, though in .sumo 
cases they may have adlu red by tho alairal snrfrtJ*^. 'I'liey {>i<*seijt Hfuno 
rsMinblances to .Asteroids. C. ('amhrian to t'ai hfuiiferous. Hall 

(Fig. 211), U. Caiiihrian. r Hrll , IV I'urnhrian (Fig 222). 

Ageiacrifiwi Vanuxom, V, Cambrian, Siluiian, DeMuiiiUi, Carhonifei‘<uJ3. 



Flo. Pu<irf/»L'ii (fi*- 

•tored atCer Hoftmann niul Nitikiii. 
from BatUcr). -•!» anna ; M \»4ri.T- 
pom or ix'ffonitloiLs i‘uu..i-il l.y a 
paraAlt« ; O mouth. 



Flo, ZZ2.—Bdri4>axUr Ihfibifx (afur Batht-n 
Intorradiu, of tho namo .pofiniti. i 
piateuof tho amhularrni gro-ves • am/. 
ambulacral plou-j, ; .V ma.Jr. P..rii. n, 
•tome wlUi covering ; , j, v.M,{rQl 


amb 



/ Mf&l Ik naliiiK mol 

SrrtKMi ncrM'jfi nn iUnliiiJnc nun ci 7 
ar ririfc! of )it* oso> ; :ui(H ; in inlcr- 

/Tf the ASJiluilama I'l.it*** ; p$ |Krri« 

Kr»'f»vc. 


Class BLASTOIDEA.* 

Pejiiameroii.^ forms u'i(/>oui arms, with ruifial atnlmhcra bearing 
pinnules, with a n'eJl-plaled rnoyioryclic calyx, with hydrospires, 
toitlioiU -pores. 

The Bld3toia.s uro entirely extinct. iH-iny eonlim-a to the F.diieoxoic 

• Ethoridpn uml I’arf^onter, CataUxjH^ of //„ JihuUoidca in the Oeotoffical 
Deparfmenf of the British Museum. \SHCk liuthor. op. cit. ; Zittol, op. cit. 
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period. They make their appearance in the Silurian, and reach their 
richest development in the Carbnniferoue. As at present constituted 
the class is a well defined one.* They approach the Cystids through the 
Diploporida. Tho calyx is somewhat ovoid and either has a short stalk 



PlO. 223.—AnnlydU of calyx of PtrUrtmiUt 
Ihrtalii {frotn Zittol). Aboral vlc^v. tho 
pofttcrlijf delU’id la downwards in tho 
figure. 6 haaab ; r radials; i> deltoids 
finterradlal). 


Ill 



r 


FJO.22i ~Apli.al rogiunof EUuihefo<rinu$ 
(after Etheridge and Car* 
penterj. 7 y axis paa<lng thn)ugh tho 
tiiiiii interradius and the opp^ite radius 
(III); II-V four of tho radU. 


or is without a stalk. It oonwists of three rows of plates (Fig. 223); three 
bneftlB, two of which aro larj?or tiian tho third aa though c<»fnposod of 
two pieces fused ; five rftdiuls (r) oncli of wliich is forked ot its rocliel end ; 
and five interrediul deltoirU (t>), wl>ich sturoujnl t»»e peristome. Tiio 
spaces bctwwm tho forks of the rudiuls ond hotwoon tho deltoids arc 






fia tzy~Vod4i$(4f j.fter Bsther). 1 oral surfftco ''’™ “ ®- ,4 

retiored aocUoii tJirciigh a radius. lo 1 the central imrlH of 
promluoDt. dm6 ambuJatriiiii; anus ; &r i.lnnult'(l.rnrl.i-kJ ; 5i?.. «« 

•mbulacraj jfroovt-; h Iiydrosplre »ht. ; tUo hydroaplrcs ol the anal 
Imperfect la tills iicnua ; X Uiicot plat*. conUluliig canal; O moutJi; « radial, »,p siao 
pUte; A deltoid. 


occupied bj the ambulacra (Fig. 225 ami>)- 'Tlio ambulacra are petoloid 
and ore traverseil by a modiori arnbulacrul groove. Tho floor of this 

• Battler has ostublishod u subclass of Hliwtoids to which ho applies tho 
Proto bias toiduiA to iiicludo AsUroblaetus rmd Ulastoidocrtn^ (p. 310)e 
SSDora, howovor, aro without hydroflpiros aiicl i>orsca« dipluporos- 
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groove id formed by a median plate called the lancet plate (Fig. 225, 2, L) 
and on each side by lateral plates (sp). The lancet-plate contains 
a canal (Fig, 225) which in the neighbourhood of the mouth opens 
into the cavity of the calyx. The ombulocral groove possessee cover¬ 
ing plates (c.p) which can only bo d’ecemod in a few specimens and 
which are continued over the mouth. Crossing, ot right angles, the 
sutures between the redials and deltoids, are some deep slits (Fig. 225 h) 
which lead into pouches projecting into the calyx•ca^^ty (Fig. 225, 2). 
These pouches ore the hydrospires ; they are fhspcsed parallel to the 
ambulacra! grooves (Fig. 225). Pinnules or hrachioles (6r) are attached 
to the side plates and furrows pass from the ambulccral groove across the 
exposed port of the lancet plate on to tlioin. When preser^’ed, they ore 
ujurtlly folded over the grooves. There is no c\’iih.nce for th« existence 
i*f tuhe-foet The ar.us is in on inierradius ut thf junction of •> deltoid 
with two radinls (.-Is). It is not in the interradius of the small ba‘»ul. 
The iurangeraent of the hjdiospires descrihed ahuve i-< timt found in 

C''fov'. »•. in other Jtin.itniiU if ig 



^ ‘J- . h'.n H* u <*i 

r pin* 

uulc ^hrnciil ►I* •; ‘ pi iti*. 

pinli' (III :* 

rtllV-lAnOlf t •ut 1 

th»? lantot -;il- piiitr. 

In-i II MUm ;i 

« Hi^il t|i«* '•I !• itn‘\ 

l.ifu •*t cullcil 1 ^^• I'\ 

ciuiul. 

iluit Mipro iivQ fiiily. Tlit* 

' • M itli it. 


slightly (liflV'mif. Th* y t\ro iisimUy 
arrnng<*‘d rx^aro < ‘inparf]y niwl thiir 
‘'[••‘niiigd covered o\er by ex- 

trnsu >nA oiitwiirch of the Irneet pMte 
and llio of iho 'it:.hiilacTal 

(Kik:. vannl — the hyilm- 

spno camd —jn thus ff»rjncd. It iifions 

tn ... by m f^eried t>f iiys ftiirofl 

bi‘tw*H‘M tlif* Atdo on evuli Kjdo of 

the liui' ft platOt called the hydrospire- 
pores. Mild )»y it lai^» r oj'lmuhl’ Iho 

fiKuitli bi'twovii tlit* ili'ltMir]. tlie pri»xiiiui 
plate anil (he laiieet plMf<' ; thi'^o 
are ealJcrl the spiracles. Tlu*)- 
lire t' M ill nuinb»>r, but fi-eiinently tliey 
hrrnimo anite<i in p>ur>j, one joining 
with that id the rtiljucent radi>ij^t bo 
spinc'h ' adjniniu^ tlu^ unii.H arc uftor> 


If^ (.\fHUM and ud-iroevinKM) nno of the iimbnlfuTa 

i'* difTtiiMi fr >iM thi- rt.-'t. \)m* »riiing {,( tlie hv drc'^pirc'S is tpiito un¬ 

known I hov hHV»> litofi i«Mii[MUo l to th** genital luirsae of Ophiuride 
• o«l I to have b*en ro^^j rator\ in fomtinn. Thov hov*' al?^o hcon 

rompar* fi wifli (J o of tk** Ixo'i'li*anbs of Cvstiils. Their relalioit 

tha KUt'in ImMu. * r: tl o dolt m U and iadin!-4 \vlu( h M so SC'on ia 

f *Mr/o.vfr » PM dr^nht ^ tlurt rofnparMon. .,iid if 1 lu re ih anv thing in thu 

HUggCBtion on p dOStl the carudsof ihr pnri •rlwiinha are duo to hildinge 
of tho eloreorji, thc-ro may be etiaicthjnc in it. 

In tho general form their VK>dy tho Hla^tnuU prr:#vnt a certain 
reeenibianco to Iv humnU, but ihcvtlifTir from thtf,c in the hict t)iat they 
BTO usually ala!k.t*d. jii thu prcrtonco of pinnuies, and ixi I lie composition 
of tho calyx. The principal are : I\ nirc 7 m(€s Sny (Fig. :it27), 

Devonian and Carbonifor<»ut-. .^i^lostus E. and C., Carboniferous. 
Troostoermtis Shtim., Silurian. TriroelorrinuA M. and W.. Corboniforous 
(Fig. 227). NucUocrtmis Conrad ii:iu^urruiu 3 Huoinor), Devonian. (>r6i- 
trefnUe$ Austin {Oranatocrinx4s Hall), <*rubaniferous (Fig. 227). Hetero^ 
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bUutttui E. and C., Carboniferous Limestone. Codnstrr McCoy, Silurian to 
Carboniferous. Phamoachiamn E. and C., Devonian, Carbonifcrotis. 
Orophocrintia v. Seebneji, C.irbonif«*roiis. Klcutherocrinua Shum. and 
Ynnd., Dovonion. Aatrocriuua Austin, Carboniferous Limestone. 



Flo. SiT. — Bl.vil>>i<h (aUor 1 PerUrfmilfi rohutfut. 2 Ineotio- 
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C5HAPTER IV. 

PHYLUM ARTHROPODA* 

Segmented aninuUs generally with a firm external ekeletont 
jointed appendages, and foot^jawa. The general dispoaition of the 
chief organa ia the aame aa in Annelida, but (he coelom, though 
preaent and discharging important functions, does not develop a 
perwiacend portion. The perivisceral cavUy conaiats entirely of 
blood-einuaea. 


Thh relationship of the Arthropoda to the Annelida lias led to 
their classification in one group, the Annvloaa of MTOeay. 

*liteiature on the Arthropoda is referred to under the heading 
of the sever^ ^upe. There are however two topics deolt with in this 
^ctio^^ to the literature of which it may be convenient to the reader to 
nave hia attention drawn. 

tiom *® 5 ™®ntation of the Arthropod head and other cognate quos- 

K. mshinouye. Note on the coelomic cavity of the spider, Jotim. CoU. 
!3S’ w' /*: (1894), p. 287. E. S. Goodrich. The relation of the 
„ ^ Annelid Prostoraium {Q.J.M.S., vol. 40, 1898, 

jTLta structure and clousification of the Arthro- 

(1904). p. 523, reprinted from the EncycUypaedia 

Article Artlir^odTR. 
IS Tlflfm’ ? Entwickelur.gsgoechichte der Scolopender. Zooloyica, Heft 

cla^« if relationships bStJ^on the 

Academy, vol. 24 B. (1902-4), 

matter ^11 ho ^ of much recent work bearing on the 

^ ^gnientation and Phylogeny of the Arthro- 

o Tftfi maxi!U^o of PolyJnt^ vol. 49 

0-^" ‘■52r28 dovelopment of 

On the Eyed of Arthropoda soe :_ ' 

eyes The minuto structure of the lateral and centra! 

^holo^^t^„ g 1883, p. 177. Watoeo, S., On the 

Artluopods. Studies from the Biolo- 
joW Hopkxns University, iv (1889). p. 287. Kishi- 

TolZ\ voi 4 pt I Araneino, Jonm. CoU. So. Imp. Univ. 

Ar^^nlden OattinL^ la-ie Grenacher. H.. Uni. iiber das Sehorgan d. 
Auaen von V Exiior, Sig., Die Pfiysiologie der facetlirten 

Wien. Chun. Atlantis, 


» — 
quolqu 


♦ 4 4 Arth. BioLp T. 10, p. 623 . 
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It is displayed in the metaineric segmentation of the body, 
the lateral extension of the segments into processes which sub¬ 
serve locomotion, the presence of a ventral nerve cord snrrounding 
the oesophagus anteriorly and of a dorsal heart. We may 
therefore begin our review of the characters of the Arthropoda 
as a whole by drawing a comparison between them and the 
Annelida. 

In the Annelida the body is covered by a soft and chitinous 
covering. The mouth opens on the fiist segment of the body 
and a prestomial lobe projects in front of it on the dorsal side. 
Each segment contains, in tho Polychaeta, a spacious coelomic 
cavity, tliat of the first extending forwards into the prestomium.* 
Tho supraoesophageal ganglion lies in the ])restomial lube, and 
tho first member of the ventral ganglionic chain behind the 
mouth in tho first segment (peri.stomial n^gion). The pre¬ 
stomium hoars a pair of tentacular appendages (sometimes 
witli a median tentacrie in addition), and the parapodia which 
project at the sides of tho body, althougli difTorentiatod for 
locomotory and tactile functions, are never jointed, and none 
of them aro nuxiified as jaws to a.ssist tho introduction of 
food into the moutli. Tins characteristic annclldan disposition 
of tlio nepliridia and gonads lias been fully treated in an earlier 
part of the present wtirk and need not be Iutc recapitulat<d. 

The cuticle in th(5 Arlliropoda is more rigid than that of the 
Annelida and is gcrutrally liardeticd by a deposit of salts of 
lime. It i.s scended by a layer of cells, tho cpi- or liypo- 
dermis, and from time to time during tho period of growth 
of the animal tho har<l outer layers of tho cuticle are separated 
from the inner layers, and ruptured, tho animal emerging from 
its cost “ skin ” (eedysis). Tho soft inner layers then expand 
to accomniixlato tho growing body. 

Except in some cases, and usually in tho posterior region, tho 
segments are produced laterally into limbs, and these, like the 
body from which they spring, are divided into segments by 
annular tracts of flexible cuticle intervening between the liard 
and allowing movement between tho successive segments and 
of the whole limb upon the body. 

Movement is effected by a muscular system, which is contained 

* See, however, the remarks on this subject in tl»o chapter on Aimelida, 
voL I, p, 448. 
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within tho firm external cuticle, and the bands of it pass from 
point to point across tJie articuJalions. TJ»e Artliropoda 
are thus markedly contrasted witli tho Chordata, in which tho 
skeletal structures are internal and covered by the muscles.^ 
There is no contractile dermomuscular ho ly wall, except in 
Peripatxis. 

On the vastly increased mechanical possibilities afforded by 
such an oxoskeleton, with its plates of varying degrees of 
rigidity and delicately adjusted systems of lovers the active 
many-sided life of the Artliropoda depends. Associated with 
the increased powers of locomotion which such a skeleton con¬ 
fers we find a high development of tho sense organs and 
nervous system, and, in Insects, tlie elaborate social instincts 
which have ever excited tho wonder of mankind. 



MU, U h. .‘•7UK'n .1'. .r first ami POfODd aotenoM : S', fl*. It” Uip U»rpc i>l 

faftJ 'cUuai'th-.facic); AY. AT first and second im-xilljpeda 

In no Arthropod is tlic body-cavity cocloniic. It consists of 
I.hHKl-spaooH, constituting a haomocoelo. The development 
of inenilters of the Hcvernl groups however reveals the fact that 
a cotdom exists, in a more or less modified form, in all. 

In J €t the stmiites are formed from the mcsoblastic 

jaiKln Hs jiuir* r! Htru< turos, a pinr to each segment at tlie sides 
of tlie elongated blastopore (p. r,70). Tliey are hollow from 
t leir lir.st appoaranre and tho cavity which each contains is 
t 10 (otloniic ca\it\ From them are formed (a) the nephridia, 
a ear h trunk >ogmeitt. with their end-saes ; and ( 6 ) the 

P'lUTutue organs. The latter arise by the junction of 
t e orsal poitioms of (I|,- paired coelomie cavities of certain of 
the posterior segments, and their connexion with a posterior 

of LimuU^ ond Other Arachnids is 
skeleton ^ <^>“regunlK lU rt*lution to inujjcled, witli tho chordete 
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pair of nophridia, which thus furnish the opening to the exterior. 
These ducts in the female retain a ciliated lining (Gaffron), 
the only known instance of the occurrence of a ciliated tract 
among the Arthropoda. 

Tlie other groups of Arthropods present various stages of 
modification of this primitive arrangement. In the Arachnida 
segmented coeloraic sacks (somites) are formed, and in their 
walls the gonads are developed. In Scorpio five pairs of seg¬ 
mental ducts appear in the embryo (in segments 3-6 and in the 
8 th ♦). Some of these disappear in the adult, but those of the 
fifth persist, though with loss of the external aperture, as the 
coxal glands, and those of the eighth as the ducts of the gonads 
(Brauer). In other Arachnids a single pair of nephridia (cor¬ 
responding to the fifth pair of appendages) also persists as the 
coxal glands. 

In Myriapoda and Insects coelomic sacks are also developed 
and from the walls of some of these tlje gonads are formed, but, 
the excretory function having in these groups been in most 
cases taken over by diverticula of the alimentary canal, no trace 
of nephridia has been found. 

In Crustacea two pairs of nophridia persist, though they 
are rarely found to coexist, as the antennal and shell glands, 
but the mesoblast presents in this group the extreme of 
differentiation from the annelidan arrangement, there being 
scarcely any traces of its segmenUtion or of general coelomic 
cavities. In all however the genital ducts are mesoblastic in 
origin and it is thus open to us to regard them as derived from 
a pair of nephridia, as analogy with Peripatus and Scorpio 

would suggest. 

Connected with the presence of a haomocoelic body cavity in 
place of the coelomic body-cavity of Annelids is another charac¬ 
teristic feature of the Arthropoda, the relation of the heart to 
the pericardial sinus. 

The heart in this group is a longitudinal dorsal vessel, per¬ 
forated by one or more pairs of lateral ostia. These admit blood 
from the pericardium, a special compartment of the system 
of haemocoelic spaces which is separated from the rest by a 
horizontal septum lying beneath it. 

• Counting, with Brauer. the chelicora! iiomont aa tho i^t. It la 
however counts aa the second (cf. p- 323) in the t^blo on p. 
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In Arthropods one or more of the antoiior appendages is 
modified to form jaws (foot-jaws), and in association with this 
we find a concentration and fusion of some of the anterior seg¬ 
ments of the body by whicli they form a group distinct from 
the segments behind and constitute a head. 

From the study of development it is clear that, as pointed 
out by Lankester, there occurs in Arthropods a shifting of the 
position of the mouth backwards, in relation to the segments 
of the head; so that it may come to lie in the adult on the 
ventral side of the segment which is apparently * the second, 
third or fourth. The first pair of appendages having the 
character of jaws lies either at the sides of or immediately behind 
the mouth, and hence in the several groups the jaws are the 
appendages of the apparent second, tliird or fourth segment, 
the appendages anterior to tliem taking on other and generally 
tactile functions or in some cases disappearing altogether. 
Searing in mind the fact that in PeriY.aius the blastopore ex¬ 
tends, at one stage in development, as a fissure along the ventral 
median line between mouth and anus, it may witliout difficulty 
be conceived how such an alteration in the position of tlio mouth 
may have occurred. 

The segmentation of the arthropod head. It would be intor- 
esting, if it were possible, to determine the relation between tlic 
anterior segments of the body which in the several divisions of 
Arthropods form the head and also between them and tlio 
anterior segments of the Annelida. 


The post-cephalic segments arc very variable in number in 
both groups. The body is divided up, here into a larger, there 
into a Bmallor number of segments, and the problem of the 
p^ciae homologj' of a particular segment in one class with 

ho numerically corresponding segment in another is probably 
without realitv. 


With regard to the head however the case appears to be 
ifferent. Within the divisions of the Arthropoda {/jwce/o, 
rusacen, etc ) t le number of head-segments shows a remarkable 
constancy.- the aegmentation has become, as it were, numeric¬ 
ally stereot^ and we may inquire how far the segments 
oorreapond m the several divisions, _and whether a numeri- 
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ttO.^BlMtoderm ol Stclop^ndra Httguiata; A ventr^i «Apect. B Londtodlnal MctJoo 
wnugb* bUitodcrm ti a tom^whAt UUmUKe, oa one tide of the mIddU Imo. A Ptootm 
nflon, laUral regloo of Uie Acrou ; 1 pro'antcnoA * 2 adUuda ; 3 )ot«rcautod Aeirn^^nt; 4 
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ca) correspondence can be traced between Arthropoda and 
Annelida. 

1)1 the development of the head, as of the rest of the bcnly, 
evidence of the existence of a segment is afTorded by the forma¬ 
tion in development (1) of a pair of mcsoblastic somites, which 
may retain their coelomic cavities, (2) of a pair of ganglia (forming 
a neuromere) corresponding in position with the somite, and (3) 
of a pair of appendages. 

Among the higher Arthropoda wlrose development is known 
to us, the Chilopod Scolopcndra appears to present tlio simplest 
and most primitive condition of the segments of the body. It 
has been investigated by Heymons, and Figs. 229A and B are 
taken from liis monograph. In front of the antennal .segment 
and marked, like it and all the segments behind it, by a pair of 
coelomic sacks as well as by a neuromere, is a preantennal segment 
from which fora short time small tentacular preanUmnal appen¬ 
dages (1) project. Between antennae (2) and mandibles (4) a 
segment is formed, marked by neuromere apd coelomic sacks but 
without appendages—the premandibular or as it has been called 
intercalated * segment (3). Then come the segments of the 
mandibles and of the two maxillae of Scolopendra. Tlic twenty- 
three post-cephalic segments follow, the appendages of the first 
(7) being traii.sformed into the poison claws. 

The preantenimo are formed at the sides of or a little behind 
the mouth, though the latter subsc^quently moves back and lies 
between the mandibles. In front of the moutli is formed (at 
a later stage than that figured) tlie labrum, projecting back¬ 
wards from the clypeus ; beliind it the bilobed hypopharynx 
subseijuently appears. 

An unpaired median thickening of epiblast is formed from 
the clypeal region. It is called by Heymons the archtccrebrum. 
Two paired pitted thickenings of the epiblast on either side of 
it are the medial and lateral brain rudiments of Heymons. 
From these five centres, one median and two paired, the syncerC’ 
brum of Heymons is formed. 

• If the noeie * intercrtlar-se^jinent\vor*.< to be taken literally, as mean¬ 
ing that a new segment existed in agivt-n indiviilual between two segments, 
which were adjacent in its parents, the de.signation of the segments by 
number would be at once recogjuzed ns iimpplicoble. Wo have however 
no very satisfactory grounds for assorting or donving the possibility -.'f 
such an intercalation. 



SEGMENTATION OF HEAD. 


321 


The two paired thickenings are so disposed that they continue on either 
side the line of the paired ganglia of the neuromeres belonging to the 
poetoral part of the body, so that the arrangement raises the question 
whether we have not in these medial and lateral paired rudiments the 
representatives of segments anterior to the preantennaL This latter 
however is the first in relation with which ooelomic sacs and appendages 
are formed, and wo may, provisionally at least, reckon it, with Heyraons, 
the first metamere. 


With the complex iryncerebrum the neuromere of tho pre. 
antennal segment (the protocerebrum s. str. of Heyraons *) 
becomes fused to form the dorsal lobes of the adult brain, tlio 
procerdmim of Heymons, from which the optic nerves arise, wliilo 
the neuromere of the antennae forms the anterior paired lobes 
giving off the antennary nerves—the mesocerebrum or deuto- 
cerebrum. The neuromere of tho prcmandibiilar ganglion 
forms the posterior and ventral pair of lobes—the melacerelnan 
or tritocerebrum, from which the commissures pass to tlie sub- 
oesophageal ganglion. The suboesophagcal ganglion is formed 
by the union of three neuromeres, namely those of tho mandi¬ 
bular and two maxillary segments of Scolopendra. 

In the lower Insects (Apterygota, Orthoptera) tho segments 
of tho head are laid down in a very similar manner, but no 
trace has been found of tho coelomic sacks or the appendages 
of the preantennary segment. The antennal segment is hero 
the first to bear an appendage and to contain distinct meso- 
blastic sacks. The premandibular segment is also well 
developed, and in ForfUula the nuclei of the mesoblastic 
somite belonging to it are arranged in two layers, though 
an actual cavity has not been recognized. Tho only cases in 
which appendages are known to bo borne by this segment aro 
chose of the primitive Thysanuran genus Campodta, in wliich 
Hansen has found a pair of small tubercles representing thorn 
in tho adult; and the CoUembolan Anurida, in which Wlicelor 
and others have seen them for a short embryonic period. 

The supraoesophageal ganglion of Insects is likewise developed 
from three paired masses (Wheeler, Vinllanes), the procerobruin, 
mesocerobrum and metacerebrum. Of those the two latter arise 

• Hoymoiu uses the word protocorebrutn, aonau etiictu. for tho 
nouromore of the preantennary segment. Tho iiiobh consisting of thiM 
neuromere combined with the syncerobruni he calls procorebruni, but 
protocerebrura, sonsu lato.” It will be called procorobrum in this 

work. 
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from the neuromeros of the antennal and premandibular seg¬ 
ments respectively, the procorobrum roprosontiiig the proto¬ 
cerebrum together with the complex syncc'rebrum of Scolopendra 
(Heymons). 

With regard to the postoral segments of the head of Insects 
the evidence is somewhat confticting. In the development of the 
Orthoptera investigated by liim, Heymons finds three consecutive 
segments, each with a well developed neuromcro and pair of 
coelomic sacs, which he identifies as belonging to the mandibles 
and two pairs of maxillae, and which would thus correspond 
with the appendages so named in Scolopendra. On the other 
hand several observers (Hansen, Folsom, Caqieiiter and others) 
have shown that paired structures are present in the mouth of the 
lower insects, between mandibles and first maxillae, sometinios 
uniting with the median ligula or h3T5opharynx but sometimes 
distinct from it, and presenting (especially in the Thysanura) 
all the characters of appendages. Thus in Machilis mariiima 
Carpenter shows that each ends in two lobes, comparable with 
the galea and lacinia of the succeeding segment, and bears exter¬ 
nally a palp (unsegmented in Machilis, Fig. 372, but 3-segmentod 
in Japyz). These appendages are named by Hansen maxiiltUae 
(fluperlinguao by Folaoin). It seems impossible to resist tlio 
evidence that they rejtrrsent a head somite, and Folsom does in¬ 
deed find, in n later stage of development of tlie Collonibolan 
Anurida, a neuromere corresponding to tlieni. The only diffi¬ 
culty in tho neceptance of thi.s view is that Folsom liimsolf 
finds in an earlier stage of development of Anurida no trace of 
this segment and figures the mandibular and first maxillar 
sc'gment in juxtaposition. Moreover it is remarkable that this 
segment should be apparontl 3 ' onrepresonted in tho develop¬ 
ment of tile Orthoptera bo carefullj’^ investigated by Heymons. 
NeverthelcHg the bolaneo seems to incline in the direction of the 
true segmenUl nature of the maxillulae. 

Accepting this view we conclude that the maxiUulae, first 
maxillae and labium of insoots correspond respectively with the 
two pairs of maxiUae and the poison claws of Scolopendra. The 
fact that tho labial {2nd maxillary) segment of Insects is less 
completely fused with the segments in front of it than they aio 
with one another, affords some confirmation of this view. 

In the Crustacea the evidence for segmentation afforded 
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by the coclomic sacks in other groups fails us, for the meso- 
blastic somites though segmentally divided contain no coelomic 
cavities. Among the I^Ialacostraca the supraoesophageal 
ganglionic mass is laid down in Crangon (according to Kingsley) 
as three consecutive pairs of ganglia, in addition to the optic 
ganglia, which lie in front of and external to the first pair. Of 
those three pairs the anterior is preoral, the others originallv 
postoral. The second and third pairs of ganglia are those of the 
first and second antennae respectively. The development of the 
corresponding parts in AatactLS appears to present no essential 
difference. From these facts, and from the similarity of tlie 
shapes of the mandibles and the positions of the paired eyes 
in Orustacca and Insects, we are led to regard the segments 
bearing the two pairs of antennae of Crustacea as homologous 
with the antennal and prcmandibular segments of insects, 
the appendages of the latter attaining in tlio Cknstacea a full 
development which is denied them in Insecta. The mandibular 
and two maxillary segments of the Crustacea correspond witli 
the mandibular, maxillular and first ma.xiUaiy segments of 
Insects, the first thoracic appendages finding their homologue 
in the labium. 

In the lower Crustacea (e.g. Daphnia, Fig. 250), the ganglion 
of the second antennary (prcmandibular) segment retains a 
postoral position throughout life. 

Turning now to the Arachnida (including the Merostomata) 
we find that the cholicerao and the six segments of the cephalo* 
thorax posterior to tliem (the segmental significance of the 
chilaria has been demonstrated by the researches of Kishinoiiye 
and liraucr) are represented in development by coelomic sacks, 
nouromores and appendages. In front of the cheliceral neuro- 
more is the largo paired ganglionic ma.ss of the head lobes. 
No distinct mcsoblastic somite anterior to the cheliceran is 
found in LimiUua or Sempio, but among the true spiders evi¬ 
dence of such sacks has been obtained by Kishinouye and others. 
Indications of paired appendages in front of the chelicorae 
have been recognized by some observers in the paired origin 
of the ** labrum ” in scorpions and spiders, and in prominences 
formed in relation with the folding in of the brain of spiders, 
but in neither case is the evidence conclusive. 

In iQost Arachnids the cheliceral neuroniere fuses with the 
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paired mass in front of it to form the supraoosophagoal ganglion, 
the pedipalpi being innervated from the suboesophageal mass.* 

The absence of resemblance between arachnid appendages 
and those of the other groups of Arthropods renders recogni¬ 
tion of the homology of the segments exceedingly dubious. 
We are reduced to the order of the segments, reckoning as first 
the pre-cheliceral in Arachnida and the preantennal in Tracheata 
and Crustacea ; though when it is remembered how slender the 
evidence is of the existence of these segments, the insecurity of 
the proceeding is apparent. 

It remains to consider the segmentation of Peripatua which 
is perhaps better marked than that of any otiior Arthropod. 
As shown by Sedg^ck the coelomic sacks are formed in pairs, 
and the members of the anterior pair, though postoral at their 
origin move forward and come to lie in aj>po8ition in front of 
the mouth, forming the first segment. TJic antennae of the 
adult are the appendages of the first, the m mdibles of the 
second, the oral papillae of the third segment, and in relation 
with each of these appendages, as witli their successors, a pair of 
nephridia, opening into the corresponding coolomic sacks is 
formed. 

At no stage of development is the central nervous sj'stem of 
P>yrip(Uus divided up into distinct ganglia, the lateral thickenings 
of the ectoderm on oitlier side of the ventral median lino “are 
from their origm continuous from somite to somite,” and they 
aio contiiiuous with one another in front of the mouth. The 
brain of the adult consists of two simple swellings produced 
behmd into posterior lobes. They are in apposition with one 
anoihor. and there are sl;:jht sweiliiigs of tlio lateral cords op¬ 
posite ea^h of tlir postoral apjH'rulages. The antennary and optic 
nerves spring from tlie ant*Ti<»r part <»f the l)rain, the nerves to 
tlie jaw.s from lha ventral coid.s .as the}’ leave the brain, tlioso 
to the oral papillae from tlio aeu.tral cords posterior to the 
oesophagus. 

The relation between tl;o si'ginent.s of tlio head (in the case 
of the Arachnida of tiio ccjilialotljorax) in the main groups of 
the Arthropoda, wliioli the o\ id< rue at our disposal appears to 
indicate as probable, are set forth iu tljo following table, though 

• It ia stated however that in the Phalanridue and the Acarina {Gama- 
sldoe) the innervation of the cheliccrae is pnboc^opha^'ual. 
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the numbers in the first column must, in our view, bo regarded 
as provisional. 

It will bo seen that in Peripatus wo have evidence of three 
head segments, in the Cnistaceii and Mjniapoda (though the 
case of the Diplopoda is doubtful) of six. In the Insecta a 
seventh segment, that of the labium, appears to have been 
added, while in Arachnida the anterior part of the body, here 
called the cephalothorax, is apparently composed of eight 
segments. 

The term ocron occurring in the first and second columns of 
the table was introduced by Janet for the region of the embryo 
surrounding the mouth (as the tdson surrounds the anus). It 
is used hero, following Heymons, in a more restricted sense for 
the region in front of the mouth, containing as its median 
element the clypeal shield, from which the labrum pro¬ 
jects backwards over the mouth. From the epiblast of 
the acron the 83 mcerebrum of Scolopeiidra is cjvolopcd. 
Protoccyhalon is the name given by Heymons to the region 
occupied by the procerebrum. Tlie acron is regarded by 
Hc 5 'mous ns the homologue of the j>rostomial lobe of Annelids. 
Tliis coni luhion leaves out of consideration the ca.se of Peripatus, 
wliich from tlie dlstinctne-ss of the coelomic sacs and tbo persist¬ 
ence of nephridia cannot be disregarded in discuasing the primi¬ 
tive sogmentation of Arthropods. It is difficult to believe, 
iiotHith.^itiiniling the fa*‘L that the antennary somites of PerijHUus 
are postora) in uripiii, that mesoblastic structures have over 
existed in front of them, and if this is so tlieso somites represent 
the most anterior Bcgment of the primitive Arthropods, whether 
diflerontiated into prostominl lobe and poristoniium or not so 
ditfon^iitiaUd. However, us stated in an earlier part of the 
present work (V\*l. I, j). 448), the relation of the prestoniiiim to 
tlie segments of the iunly is far from clear in the Annelids them- 
aolvcs, and we may here confine ourselves to pointing out that 
the evidence remains conflicting when considered from the 
point of view of Arthropods. 

Wo have to concUulo tlicn that the homology of the seg¬ 
ments in M^riiapods, IriKccts and tVustacea, though not* free 
from difficulty is fairly clear; that the homology is obscure in 
the case of Arachnids, and still more so in that of Peripatus. 
The problem of the rolationsliip between the anterior segments 
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in Annelids and any group of ArthroiJods remaiaa, for the 
present, undetermined. 

On another debated point the embryological evidence obtained 
in recent years also throws light. The anterior antennae of the 
lower Crustacea, and the antennae of Peripatus, Myriapoda and 
Insocta differ mark(5dly from the appendages of other segments 
in their simple, niany-jointed and generally uniramous character, 
and these characters in tlic adults are emphasized by the con¬ 
stantly uniramous condition of the first antennae in tlie Nauplius 
larva of CVustacea. The (question lias arisen—Have we not in 
those appendages the honiologues of the paired tentacles of the 
ppostomium of Annelids ? 

Ill the case of Peripatm it i.s possible that wo liavo, but in the 
other grou[)S the answer of embryology is in the negative. In 
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oa<!h they are innervated from tlio mesoccrebrum, and there is 
evidence in Myriniioda that there has existed at least one eog- 
mont anterior to that which bears them. Notwithstanding the 
peculiar character of the first antoiinae we have to conclude 
tliat they, like the other appendages of the head, wore origin¬ 
ally postoral limbs. 

The facts that in Peripatus the antennae are the api>nndagos 
of the first somite, and therefore, presumably, the roprosonta- 
tivos of the transitory proantennae of the Myriapoda, and that 
the mandibles belong to the second segment, would seem to 
place tliifl remarkable genus in a category apart from the other 
groups of the Arthropoda. 

As the mouth moves backwards the segments originally 
postoral become prcoral, and their ganglia, fusing together, 
form tlio brain or supraoesopliageal ganglionic mass of the adult. 
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The brain is thus in all cases a composite structure containing 
the neuromeres of the preoral segments fused together. The 
mode of its development in Scolopendra would indicate that there 
is anteriorly, in addition, a median unpaired element (the 
archicerebrum of Heymons) together with lateral elements 
(forming, with the archicerebrum, the syncerebrum of Heymons) 
with which the neuromeres have united, though how this con¬ 
dition is related to that presented by Peripalua remains for the 
present obscure. 

The number of neuromeres entering into the brain appears 
to be two in Peripatus, most Arachnids, and in Dapknia 
(Fig. 250) and Limnadia (Fig. 241 D) among the Crustacea, 
three in the Malacostraca, Myriapoda and Insecta. 

For the further discussion of the segmentation of the artliropod Jjood 
and other cognate questions the reader is referred to the literature on 
this subject quoted at the beginning of the chapter. 

TJio conclusions here arrived at are to a largo extent in accortlunoo 
with those of HejTnons, Goodrich and Lankeeter, but the designation of 
tho segments by a numerical nomenclature, adopted by Lankester, has 
been ns f*tr ns poFsiblc ovoided, because of the uncertainty of deciding 
in the so\ ernl groups, which is the first segment. 

The Eyes of Arthropods. Tho eyes of Peripatus are vesicular 
structures which arise hy invagination of a portion of tho hrain 
rudiment (while it is still part of the skin) with wliu-h they 
retain their connexion by the optic nerve. In this they appear 
to resemble tho simple eyes of Araohnida. 

Little has been ascertained throwing light on the origin of tho 
unpaired nauplius eyes ” of tho lower Crustacea. 

Apart from Pcripatn .9 tho simplest form in which tho paired 
eyes are met with in Arthrop^Kis is that presented by tlm stemrna 
or ocrlJtt^ of Insects (Fig. 2.31). The chitinous cuticle is tliiok- 
oneti to form a lens, and beneath this tho cells of the hypo- 
ermis arc' disposed in a cup-ehujwd manner, the adjacent 

B eing highly pigmonU'd. The c^lls in tho floor of the cup 
form the retina, and nro in connexion with the nerve; wliilo the 
transpartmt ends of the surrounding colls, bending over the 
retina from the sides, form a clear medium, which has been called 

e vitreous body, intervening between the retina and the lens. 

It appears evident from the arrangement of the parts of such 
a simple eye that tho light entering through the lens is focussed 
on the layer of retinal cells, and hence that some representation 
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of tho outer world may be convoyed to the brain. From the 
small number of the cells in the recipient layer, however, it would 
appear that the perception of surrounding objects thus conveyed 
must be of a low order. 



The eyes of Myriapods and tho Thysanura consist of a number 
of such ocelli, col¬ 
lected into groups. 

Although we 
have to conclude 
that the Insecta 
and Crustacea be¬ 
long to two distinct 
divisions of the 
phylum, the highly 
developed o o m - 
pound eyes of each 
agree closely in the 

plan on which they 231.—Soctloo through the ocollug of & Dj/tUetu UrvR 

aro fnrrriAH TIiav Grcnacher» from Clftus). CL corDoal leoA; Ok the 

* ^ Aubjaceot hypodermic cctld formiug tho ** yitreooa body ; 

m&V bfl P pigment in tho peripheral cells of tho Uttor; rotliiol 

^ ceJb ; SI outicuUr rods of the Utter. 

from a group of 


ocelli, tho number of which is greatly increased, while the 
number of cells in each is decreased (Gronacher). Each ocellus, 
or single eye, which thus with its fellows makes up the com¬ 
pound eye, is known as an ommatidium (Fig. 232). Thoy are 
usually disposed so as to present to tlio exterior an even convex 
surface. 

The minute structure' bf the eyes of Branchijms and Palaemon 
may bo taken as t)^ioal of tho compound eyes of Arthropods 
(Fig. 232). Each ommatidium is limited oxtomalJy by a corre¬ 
sponding portion of the transparent cuticle which may be thick¬ 
ened in the centre to form a biconvex lens {cl in A), as in tho 
facetted eyes of Insects, Decapods, Isopods, etc., or maintain a 
uniform thickness, as in Branrhi/pus (c in E). Under it lie the two 
or lerUigen cells by which it is secreted. Beneath are 
four (2 in the Isopod Sphaeroma) cells, the vitrellae or crystal 
cells (kz) grouped about tho crystalline cone, the product of their 
secretion. In Branchipue its shape is fusiform, but it is often 


conical, with the point directed inwards. In Palaemon (Fig. 
232, A k and k^) it is represented by two distinct refractive 
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bodies, an outer and inner. About the vitrollae 2 (or 4) 
pigmented cells (cf. Fig. 233) are disposed. They are the 
iris pigment cells (the distal retinular cells of Parker). The 
yitrellae abut internally against a group dt elongated ooUs 




r- 








■ 




** ctoUomd «y«. A two ofaautldU of PaU 0 wum $euaU. Th« 
from thd ri^hUbud omnulSdlam. C iJoUl^ frytiAlllDo bodjr of 
TOft^Utlog of four clomenU. D Tr^i^verM through * reUoiiki uboul 

4WI f ^ Wogth. B ftectloD throagb tb« aUlked eye of BmntMpui ; SIwooiniM- 

nil? 5 »"«*: «f «orn«*l lent; fo optic gancUon; A (la E) lea* 

*** ^^^**™‘* • * crycUlUoa eone ; A, ontcr crrstolllm botlfj 

St. :»“ ®ptlc ncrv# ; p (la B) pigment In retlnaUec'la, 

(In A) pl^enW h>-pcjdfmU mIU ; p, («n A) nxwobUctlc pii^eot clnuKk bowoen thaomiu*- 

iWiUm °* P‘*Tnent In D ; rp retinal ganjeUon ; rk rtiabdom. 

(rrom Longa Textbook, A C ood 1} after Groaacher; £ aotl B ^ler CU^) 


forming the retinula {re) which constitutes the innermost element 
of the ommetidiunic Xho retinular cells in varying number 
(4 in MysiSf 6 in Branchipus, 7 in Palaernon) ore orrongod about 
the optical axis of the ommatidiuin, and^ like the vitrellarand 
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(entigen colls of the external layers, are in relation with a re¬ 
fracting element, the rhabdomere, which forms their axial border. 
They are also abundantly invested by black pigment. The 
several rhabdomcres of a rotinula make up the rhabdom (Fig. 
232, A and I> rh). Internally the retinular cells are continuous 
through apertures in a basement membrane (bm) with tlie nerve 
fibres of the optic ganglion. The crystalline cone (C) like the 
rhabdom boars evidence of being divided longitudinally. In 
some cases {Sphaeroma) the rhabdom contains a central space, 
occupied by one or two hyaline cells (Watase). Mort^over 
the rhabdomere baa been found in some cases (Schizopoda, Deca¬ 
pods) to present very fine striations perpendicular to its margin 
(Fig, 232 A rh) which are regarded by some authors as the 
ultimate ends of nerve fibriUao. The distribution of the pigment 
in both sots of colls is, as we shall see, dependent in some 
animals on the degree of illumination to which the eye is sub¬ 
jected. 

Beside the cells forming the ommatidia proper other hypoder¬ 
mic cells in varying number are present in the interspaces be¬ 
tween them (Figs. 232 A p, and 233, 6). These {aceesaory pig¬ 
ment cells) may contain flakes of pigment which is not black but 
wliite by reflected and yellow by transmitted light. TIio 
function of this pigment appears to be not to absorb, but to 
reflect the light. It forms the iagtelum of crustacean eyes. In 
the eyes of Insecta, adapted for vision by night (see below), 
tufta of minute tracheae invest the retinulae, and by their 
shining surfaces likewise serve as a tapetum (Exnor). 

According to Lord Avebury some 4,000 ommatidia comp^ 
the eye of the common houso^flyi while that of a Dragon y 

{Aeschna) contains 20,000. ^ . 

The mode of working of the compound eye was explained in 

part by the theory of mosaic vision first propounded by Johannes 
Muller. The only direction from which the light is able to 
penetrate to the retinula of an ommatidium, onsheathed m pig¬ 
ment in the manner above described, is that in and near tie 
line of iU axis. The light which thus enters, concentrated on 
the pigmented retinular cells by the refracting media o t o 
ommatidium and reflected from the surrounding tapetum, 

•et up changes in them, according to its nature, and give rise to a 
corresponding stimulus in the nerve fibres with which they are 
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connected. Thue the retinula of one ommatidium receives a 
single resultant impression from the light which reaches it. 
But the adjacent ommatidia being directed to a different, though 

adjoining, region of the outer world, 
may transmit a different impression, 
and the stimuli from all the ommatidia 
which make up a compound eye will 
correspond in greater or less degree to 
the whole of the visible outer world 
which subtends their several optic axes. 
The sum of the resulting images which 
we may thus suppose to be transmitted 
to the brain may be compared to a 
mos.iic in wliich the effect is given by 
a large number of separate pieces, of 
one size and each of uniform colour. 
It is evident on the one hand that the 
smaller the angle of each ommatidium 
and the larger the number of omma* 
(idia in an eyo, the more perfectly will 
the resulting stimulus correspond with 
the (lotail.s of surrounding objects. On 
the other hand the loss of light by 
absorption in the pigment of such an 
eye is very great and increases for eacli 
unit of surface with the number of 
ommatidia it contains. 

Our knowledge of the functions of 
the compound eyes of Arthropods has 
hi'en extended by tlie work of Exner, 
Szczr.win.ska, Chun, Parker and others. 

It has been shown that in a variety of 
Arthropods inhabiting shallow water, 
or the land, the pigment contained in 
the iris pigment cells and the retinulao 
occtipios very different positions in 
accordance with the degree of Ulumina- 
tion (Fig. 233). In bright light the 
pigment invests the ommatidia in the 
manner described above, and though a 
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great deal of light is absorbed by the pigment some reaches the 
retinulae, and forms the erect mosaic or apjtosUion image * in 
the manner indicated. But when the eyes of these animals are 
fixed by reagents after being exposed to darkness, it is found 
that the pigment blinds which separate the ommatidia from 
one another are withdrawn. The pigment in the iris pigment 
cells is drawn up towards the cornea, that in tlie retinulae has 
retreated below the basement membrane towards the nerve 
fibres.* It has been shown that under these conditions the 
ommatidia no longer act separately, but that a combined image 
is thrown on the retinular layer, the crystalline cones being so 
disposed that the light from a given point falling on a consider¬ 
able area of the eye, no longer obstructed in its course by the 
blinds of pigment, is brought to a focus on that layer. In this 
manner an erect “ superposition image ” is formed, the rays 
refracted by a largo number of crystalline cones being super¬ 
posed at the focus on the retina, and a stimulus far stronger in 
proportion to the intensity of the illumination than that of 
the apposition imago, though probably much less distinct in 
details, is given to the retinulae. The eyes of insects such as 
fireflies and many motlis are j^ermanently in this condition, and 
are “ day blind.” On the other hand the eyes of butterflies 
have the pigment permanently expanded, and are night blind. 

A very interesting confirmation of these results has been fur¬ 
nished by the beautiful researches of Chun on the pelagic Scliizo- 
pods inhabiting the dark waters of the ocean at a depth of 300- 
600 fathoms (Fig. 290). In tho.se the retinular pigment has dis¬ 
appeared altogether, while the distribution of that of the iris 
pigment cells varies in different parts of the eye, according as 
the ommatidia are directed sideways (lateral eye) towards 
objects which may bo illuminated by the phosphorescent organs 
carried by the animal itself, or forwards (frontal eye) into the 
dark region from which the rays of these organs are by their 
position excluded In the frontal eye moreover the number of 
retinulae is far in excess of that of the crystalline cones, a con 
dition which is in harmony with the theory of the formation of 
a superposition image, but unmet by the mosaic theory. 


• As in the pigment colls of the frog, the 
podip etc., the movement of the pi^^mont takes piece » 

ihe shape of tho latter is unaffected by the movement. 
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The lateral eyes of Limvlua offer an interesting intermediate 
condition between the compound eye and a group of simple 
eyes. They are raised reniform areas on the sides of the cephalo- 
thorax, the cuticle over them being transparent. They consist 
of a number of pits in the hypodermis (Fig. 234) the bottoms of 
which are occupied by bulb-like retinulae consisting of some 
10-16 oella grouped about a central ganglion cell. The inner 
margin of each retinular cell is higlily refracting. The group 
oi these refracting bands in a retinula evidently corresponds 



Pw- **** latfr»l er« of limuJut UfUr WatMO). In J a rrtlnula U 
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with the rhabdom oi an ommatidium of the compound eye. 
The cells are continued below the basement membrane, as is 
the central ganglion cell, into nerve fibres. The columnar cells 
of the hypodermis surrounding the retinulae and forming the 
walls of the pit are bordered with pigment. The cavity of the 
pit is filled by a rounded process of tlie under surface of the 
cuticle, which apparently acts as a lens, but each is continuous 
above with tlio common investment of cuticle forming the 
oomea. 

The lateral eyes of Scorpions (Fig. 236) form a group on either 
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side of the coi»hAlotliorax consisting of 2-7 distinct eyes, the 
number varying according to the species. The whole group 
however passes through a stage in development which strikingly 
resembles the permanent condition in Limvlus (Fig. 234). The 
hy]KKlcrmis is thickened and pigmented over a considerable 
area, and the surface becomes invaginated to form pits corre¬ 
sponding in number to the separate eyes of the adult. The cells 


a. 





lining the floors 
of tlio pits bo- 
coino differenti¬ 
ated into inter- 
iieunvt cells (in) 
and retinal cells 
(«), whicli aro^ 
continued l>olow 
into nerve fibres, 
and form rliab- 
doms at their 
adjacent borders, 
thougli they do 
not become 
grouped together 
to form rotinu- 
loo. Pigmented 
|)crinoural cells 
lino the sides of 
the cup and a 
convex cuticular 
lens (f) is secreted 
above it. As 

dov c 1 o p m e n t “i SSS. TT . 

procoods ti.o 

hvtwvlArmia in <Jcnnl«; loUriiciif»J ijtm; ^ . 

ny|>oaornilA in- ^ 0^^,^ nerv©; pn portMMl erfh; rnrtlas; rk, rteUM; m 

torvoning bo- 

twoon the pits assumes tlio ordinary character. 

According to Kishinouyo the poeteriOT median (Fig. 237, B) and 
the lateral eyes of Spiders likewise arise as simple ectodennaJ 
depressions, in which case they would belong to the same categoiy 
08 the lateral eyes of Idmulus and Scorpimis, 

The paired arthropod eyes hitherto considered belong to a 
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type to which the name rrumoslichoua * has been applied (Lan- 
kester). They are all to be regarded as developments of a 
single layer of the hypodermis. 

The median eyes of Limvlus and Scorpio (Fig. 237), and the an¬ 
terior median or “ principal ” eyes of Spiders (Fig. 237, A) belong 
to a different tj’pe, the diplosiickous. In these eyes two layers of 
lij'podermis are concerned in the formation of the optical appa¬ 
ratus (Fig. 236). They are formed in ontogeny by the folding in 
of the hypodermis from the side of the area which will be occupied 
bj' the eye. The outer of the two layers thus involuted becomes 


a. c. 



Fm —Section through the inediaQ eye of Scorpic io three stages of derelopraeot, Prom 
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the retina (r, Fig. 236), its columnar colls secreting rhabdoms 
(r/*), and tlio inner, when it persists, the post-retinal membrane, 
llio layer of hypfjclenni.s external to the fold becomes the vitreous 
b«.)dy and secretes the lens. The nerve, by secondary shifting 
of its position, enters the under surface of the retina. There are 
thus three layers of luTioderniis concerned in the development 
of the diplostichouH eye, though the dioptric layers are formed 
from only two of them. The involutions from which these eyes 
are formed are closely associated vdth those forming the brain, 
but the morphological signiticance of this mode of development 
is quiet obscure. 

• arixof, a row, line. 
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The optical arrangement of the lateral and median eyes of 
Scorpions and Spiders and of the median eyes of Limxdus is 
such as to throw a reversed image on the retina. 

The development of the lateral eyes of the Scorpion supports 
the view of Lankester and Bourne that they are derived from an 
©ye very like that of LimvluSy the several elements of which 
have become separate. It is easy to imagine, on purely theo¬ 
retical grounds, that the compound eyes of Insects and the 
Crustacea might be derived from an eye such as the lateral eye 
of Limidua by the opposite process, namely by the specializa¬ 
tion of the several depressions into ommatidia, their increase 
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in number, and closer aggregation. However the facta at our 
disposal seem rather to point, as above indicated, to the origin 
of compound eyes of Insects in a different manner, i.e. from 
groups of distinct ocelli such as are found in Myriapods. The 
morphological nature of the paired eyes of Crustacea is dis¬ 
cussed on p. 349. 

Statocysts. The open or closed saccular organs of the Crus¬ 
tacea, containing sensory hairs, have generally been named 
otocjrsta. It is now recognized that they perform the function 
of statooystB (cf. p. 360), though they may possibly possess 
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an auditory function a.s well. They are described on p. 360. 
Anotlu r possible function of these organs, suggested by Balfour, 
is the iRTception of the vibrations set up in the water by other 
animals swimming in their vicinity. 

Of a wholly different structiife are the chordolonal organs of 
Insects to w'hich an auditory function has been assigned. They 
are groups of elements, widely scattered over the body, each of 
which consists of a delicate rod contained in a tubular pit sunk 
ljoiR»ath, and opening at the surface. The rod is continued 
into a ganglion cell at the base of the pit, and a mechanism exists 
for maintaining the walls of the tube in a tense condition. The 
fi/tnfinnn on tlio legs of insects are modified areas of cuticle in 
n-Iution witli group.s of such organs (p. fi30). 

Tactile setae in niation witli ganglion cells are widely found 
on tlu! extremitic'*, esivrially the antennae of Crustacea and 
Insfi ts ; and many nrgan.s occur, especially in Insects, evidently 
of a .scn.sory nature, Init on the special function of which we can 
only vagu(‘ly surmise. Some arc doubtless olfactory. 

Conijderncntary to the organs of special sense are other organs 
widely foutul among .Arthropods such as the light-produclng 
organs of manv Insects (fire-flies, etc.) and Crustacea (Copepoda, 
some n.<t j'.u oda, Eupliausiidle, some Decapods, etc.), the stri- 
dulating organs of s])i(hT.s, grasshoppers, cicadas and decapod 
< rnsiaciM. and organs for <Iillusing special odours wl)icb are 
uid«iy fiuinil among Insot-t.'^. 


Tli< respiration of 

I liiao «ir l)y (Mclu-ac. 
t 'l.ulo or,I hav(' no 

am!, in 


Arlhropod.s is generally effected by bran- 
The ( ‘o]H‘polii, most Ostracoda and some 
spi'fialized respiratory organs, and in 
It's.'i dogi,',-. in .<?ome otlier terrestrial 


1 > ' thi' br.iniiiial cluiinber i.'j, as pointed out by 

Soinpoi . ino<]itie(l into a sort of lung (p. ,^40). The branchiae 
aie oii^'in illy (with f!u' e.xi-eption of tlu' tracheal gills of some 
larval and th - gills of sessile Cirripedes, and some 

Ostraeods) appendiL^-.s of tlie limi.s. The lung-books of 
the Aiarhnicla. althou^ri, i„oilitj,.d for breatliing air, are, as the 
interesting ix'saari lu's of Simmons on Sjtiders. and Brauer on 
Scorpio have sliown, to he ri-garded as nnulifications of such 


brancliiac a.s an^ borne on the abdominal ap]»endages of Limulus. 

Tracheae are tuhular involution.s of t}»e outer layer of the 
body by means of which air is carried to the tissue In members 
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of all the groat divisions of the Arthropoda which live in air 
tracheal structures have been developed. Those of Peripalus, 
the Myriapods and Insects need not be further mentioned here. 
In the Arachnida tracheae are present in addition to the lung- 
books, or as the sole respiratory organs. Even the Crustacea 
furnish us with an incipient tracheal system in the tufts of 
branching air-tubes found in the abdominal legs of some Isopods 
(wood-lice) (Fig. 297).* 

The sexes are separate in the great majority of Arthropods, 
but the Cirripedes, having adopted a sessile habit in the adult 
stage, are hermaphrodite, and some genera of them present the 
remarkable phenomenon, discovered by Darwin, of the existence 
of a minute and short-lived “ complementary male ” in addi¬ 
tion to the hermaphrodite individuals of their species. Certain 
of the Isopoda, parasites on fish or other Crustacea, are protan- 
drous hermaphrodites (cf. pp. 484 and 490). 

Parthenogenesis occurs as a constant feature of the life- 
history in many genera of the Phyllopoda and Ostracoda among 
the Crustacea, and of tho Hymenoptcra and Hemiptera among 
Insects. The number of generations arising in this manner 
before tho recurrence of a sexual phase may be largo, as in 
Aphis, and many genera of the Entomostraca ; in some of tho 
latter indeed {Cypris reptans, Limruidia I/€r7nanni), as well as 
in some Insects (cf. p. 640), males are unknown. 

Among the Crustacea the parOionogcnetic females are usually 
similar in their general structure to tlioso whicli are capable 
of being fertilized, but in Insects the members of tho life-cycle 
Hro frequently dimorphic, or {Phylloxera) trimoq)hic, and differ 
so considerably from one another that, before their life liLstorios 
were ascertained, they wore referred to distinct genera. 

Tho eggs of Arthropods are usually heavily laden with yolk. 

In some fow Crustacea, in wdiic-h there is little yolk stored in 
the egg, tho cleavage is complete, and in the pelagic Decapod 
Leucifer tho liypoblast is formed by a normal pro<‘css of invagina¬ 
tion. But in tho great majority of Arthropods the course of tho 
segmentation is modified owing to the presence of tho yolk. 

It is generally stored in the <;ontral region of tho egg and though 
segmentation may be complclo at first the largo yolk-laden 
central spheres often fuse together subsequently; or the 

• Compare tho development of tracheae in tho VeUUidae, vol. I, p. 142. 
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segmentation may go on superficially from the beginning, 
leaving the yolk mass undivided. 

In some cases {Mysia, Scorpio) the blastodermic layer is con¬ 
fined after its formation to one pole of tlie egg—the telolecithal 
eggs of Balfour; but in Insects and many Crustacea it entirely 
surrounds the yolk—an arrangement which hardly occurs out¬ 
side the Arthropods. For such eggs Balfour adopted the name 
centrolecithal. 

The remarkable phenomenon known as polyemhryony ^ pre¬ 
sented by somo parasitic Hymenoptera, in which the egg 
divides up and gives rise directly to a brood (12-1,000) of 
new individuals, is referred to on p. 641. 

Associated with the abundance of the yolk in the interior of 
the egg is the early disappearance of the raesoblaatic somites, 
and the consequent difiiculty in tracing the development of 
the organs derived from the coelom. 

In Peripatua, the Myriapods and apterygoto Insects the 
endoderm furnishes the greater part of the alimentary canal, 
as in most other animals ; but in somo of the higher Arthropods 
the endodermal portion, the mid-gut proper, is much reduced 
in length, the stomodaeal and proctodaoal portions (fore- and 
hmd-guts) being proportionally elongated. Thus in somo 
Decapods and Isopoda only the hepatic diverticula and a small 
part of the adjoining central tract of the alimentary canal are 
ond^ormaJ. In Insects the tract extending from the crop to 
t o giiHxing of the ileum (including the hepatic diverticula but 
not the malpighian tubes) is usually named mid-gut, the chitin- 
n regions in front and behind being formed by the ectodermal 
invo utiona. The embryological evidence on this point is however 
00 i .ting, and Heymons is even inclined to the view (though 
this meets with opposition in competent quarters) that the 
ondodeim. though taking part in the formation of the alimentary 
cana o some of the lower Insects {LepUma) is entirely unre¬ 
presented m the adults of the higher groups, and that the whole 

men ry cana is formed in them by the meeting of stomo- 
daeum and proctodaeum. 


propertvof thaarth A bo mentioned the remarkable 

srouDB of the M t t P^’saessoB, in common with other 

tirtt, Onlv tb K- parts lost by injury or aniputa- 

eye-Bt«lka are thus reproduced; W in the case 

raoio appendogee of tha Crustac^^ Anl\r fKA 
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baaipodite. At the ecdysis following the injury it is found that the lost 
part has been formed again, in miniature, in the stump of the appendage, 
and in succeeding moults it grows more rapidly than other parts of the 
body. In some cases the new limb is precisely a repetition of the lost 
one, but it is often found that the segmentation is different. Thus a 
normally 5-jointed tarsus of a cockroach is often replaced by a 4-jointed 
one.* 

The divisions of the Arthropoda adopted in the present work 
are as follows 


Class 1. Crustacea. 
Class II. Onychophora. 
Class III. Myrlapoda. 
Class IV. Insecta. 

Class V. Arachnlda. 


• For further details, and reference to the literature of this subject see 
H. H. Brindley, On certain characters of reproduced appendages in 
Arthropoda, particularly in the Blattidae, P.Z.S., Dec. 13, 1S98. 



CHAPTER V. 


CLASS L CRUSTACEA.♦ 

Aquatic Arthropoda usually breathing by means of gills^ toUh 
two pairs of antennae and numerous pairs of frequently bi-rammis 
legs on the thorax and on the abdomen. 


The crustacean body is usually more or less distinctly divisible 
into three main regions—the head, which contains a constant 
number of segments, and the thorax and abdomen in which the 
number varies considerably in the several groups. 

In recent Crustacea the head usually differs from the suc- 

eocding parts of the body in the absence of external separation 

between the segments, although in the fossil Trilobites the 

more or less complete grooves which traverse it appear to bear 

witness to it.s original segmentation (Fig. 243). It differs also 

m the character of its limbs, and in the absence from them of 
branchial lobes. 


The thorax usually bearsthe main locomotory appendages. Its 
segments are usually larger than those of the rest of the body 
and though often distinct they are generaUy less movable on 
one another than those which follow. The abdomen usually 
consists of narrower and more mobile segments and in most 
groups carrits appendages, whicli differ in character from those 
10 lorax. In many Entomostraca however (Apws, Cope- 

f'etwpen thorax and abdomen is little 
marked. The oritiees of the generative organs are frequently 
uated near the jimrtion of thorax and abdomen. 

in H -T -( 'i' ■ ^ the head from the thorax is well marked 

nthe Tnlolate.,. ,1,0 Phyllopod.s, as well as in the 

arval forms of some Copepwls, ami nf .several of the Malacostraca, 

furtho" student is referred, for 

maim, on Crustacea .ou.nplottxi by A. E. Ort- 

section on Cruet^^A hv K w a • 1800 - 1001 , and to the 

^ Kor^ohelt and Hoider^s Texi^book of 
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but in many cases fusion has occurred between the head and 
one or more of the anterior thoracic segments to form a cephalo- 
tboraz. This fusion may depend simply on the obliteration of 
the grooves between the segments, as in Copepoda and the 
Isopods and Amphipods, but it is frequently associated with 
the development of a structure characteristic of many groups 
of Crustacea, the dorsal shield. This is primarily a reduplica- 
ture of the integument of the head, extending backwards over 
the body, and more or less completely enveloping it. In the 
Cladocera (Fig. 252) it forms an incoinplete bivalve shell 
enveloping the hinder part of the body, but the head is not 
enclosed by it. In the Ostracods (P^g. 263) and some Branchio* 
pods the whole of the body can be enclosed between the valves 
of the shell, and shut up within it by the action of an adductor 
muscle (Fig. 253, 13) passing between them. 

Although the dorsal shield is primarily a fold of the integu¬ 
ment of the head, the base of the fold may extend backwards 
(as in Decapods) involving some or all of the terga of the thoracic 
segments, and in this manner emphasizing the fusion of the two 
regions in the cephalothorax. 

The terms carapace and sbeil have been used in difTerent senses. They 
may Imply the fused terga of the head and of a variable number of tho¬ 
racic segments ; but are sometimee synonymous with "dorsal shield." 

The fold contains blood sinuses, and may, when the shell is 
thin, form an important respiratory organ. In the Entomo- 
straca the coils of the excretory organ, hence known as the shell 
gland, are included in it (Fig. 262, 8d). In the Cirripcdes, as 
will be explained more fully under tliis group, a large part of 
the tissues of the head become, in the adult, included in the fold. 

An wpyer lip (hypostoma) and lower lip are generally present, 
in front of and bcliind the mouth. The latter may be oon> 
spicuously bilobed, but it is always distinct from the appen¬ 
dages in the Crustacea. 

Appendages. With the exception of the first antennae the 
appendages throughout the body, and in the several groups, 
though modified to subserve the most varied functions, conform 
in a remarkable manner to a common typo —tfie biramous limb 
of the Crustacea. This consists of a shaft or stem—the preio- 
podiU, usually regarded as composed of two segments,* the 
proximal or coxopodUe, articulating with the segment <rf the 
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body, and the distal or bctaipodite. To the outer end of the 
latter are articulated^Wo usually segmented branches, an inner 
and outer, the endopodite and exopodiie respectively. The seg* 
ments both of the protopodite and the endopodite may be 
produced towards the median plane of the body into lobes or 
endiits (Fig. 238 a, en). Similarly the segments of the proto¬ 
podite may be produced on their outer borders into exiUs^ or 
epipoditeSf one to three in number (ep). 

Hansen has shown that in the biramoua limbs of Calanidae and Argulus 
{the case of the Phyllopods cited by him appears less convincing) the pro¬ 
topodite (or sUm) is composed, not of two, but of three segments; and this 
he regards, with much probability, as a primitive crustacean condition. 
When only two segments are present, the proximal segment may have 
fused with the body (Decapods) or with the second, forming the coxopodite. 

There are some, though very few, indications of the occurrence of the 
biramous limb in other groups of Arthropods ; e.g. the abdominal limbs 
of Limultu (vide infra) and the first and second maxillae of Insects. 






The appendages of the head. The first antennae of the 
C^stacea the homologuos, ae wo have seen reason to suppose, 
of the antemiao of the Myriapoda and Insects, are usuaUy, like 
toem, simple many-jointed appendages. They are never 
biramous m the early larval stages, though in some of the 
Malaooetraca they may acquire one (e.g. Gamnurrus, Fig. 239) 
or even (Stomatopoda, Fig. 228, and some Decapods) 
aooeesory flagella. They are ueuaUy abundantly supplied with 
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tactUe and oUactoiy sense organs, and in many Malacostraca 
cany an otocyst (cf. p. 360) in the basal segments. 

The second antennae are generally biramous. Beside their 
tactile function they are often powerful sw imming appendages. 
In the anostracous Phyllopods numerous secondary lobes 
are developed in the male and they are prehensile. In the 
Malaoostraca the 
exopodite has often 
the form of a simple 
scale, which however 
is (in the develop¬ 
ment of Euphausia) 
derived from an 
articulate flagellum. 

In the nauplius larva 
a masticatory lobe is 

present and the ap- FIO. 239.—OammanuwUx (AfUr 0. O. 8 *re). A'. A' 
j . , the two nnteoDAo ; the flnt eod seventh ambulAtory 

pendago is paroral^ legs Uhoraclc legs ZS ); £/ lUAxillJreil; S/' fint abdatcloAl 

a condition appar¬ 
ently permanent in the Trilobites, in which group they formed 
the first pair of jaws. The antennal excretory gland opens 
when present on the coxopodite, or when there are throe seg¬ 
ments of the protopodite, on the second of them. 

The mandible is characterized by the development of the 
coxopodal endite into a cutting and masticatory blade, the 
remainder of the appendage constituting the mandibular palp. 
This usually consists of the basipodito and a few-jointed endo- 
poditc, but in some Copepods (Fig. 260) and Ostracods (Fig. 
253) an exopodite is found in addition. The palp is in 
some cases absent altogether. 

The hoo pairs of maxillae (Fig. 240 c and d) are generally 
short and jaw-like, consisting mainly of the protopodite and 
a short endopodlte, the segments of which are produced into 
cutting blades (endites); a simple lobed exopodite is however 
frequently present. Hansen concludes that the two inner 
blades of the first njaxrila belong to the 1st and 3rd segments 
of the protopodite. The maxillary excreionj gland (the “ shell 
gland ’* of many Fntomostraca) opens on the 2nd maxilla. 

Often associated with the formation of a ccphalothorax» modi¬ 
fication of one or more of the anterior thoracic limbe 
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occurred in many groups, resulting in their loss, in vaiying 
degrees, of a locomotoiy function, and their adaptation to 
subserve the transference of food to the mouth. The thoracio 
limbs thus modified are known as maxiUipeda. 

The appendages of the thorax vary greatly in number and 
shape. In the Polycopidae (Ostracoda) they are absent alto¬ 
gether, locomotion being effected entirely by the limbs of the 
head : in other Ostracoda there are two pairs, in the aadooera 
4^, and in the PhyUopoda 11-19 pairs. In the Malacostiaca 
the number is almost constantly (except in obviously degraded 


forms) eight. In the 
Apodidae there are 
40-63 pairs of post- 
cephalic appendages, 
presenting a gradual 
transition in form 
and size; but the 
presence of the open¬ 
ing of the genital duct 
on the segment bear¬ 
ing the 11th permits 
us to regard the eleven 
anterior as thoracic. 

The modifications 
which befall the epi- 
podites of the thoracic 
limbs present an in¬ 
teresting series. They 
are generally branchial 
in character and may 
be simple lobed plates 
(PhyUopoda, Anas- 
pides (Fig. 238), Am- 

■"f ... -.,.*1. 

Ma acos.ra™ (•• IVracaricla. - of. p. 455 ) the epip^tT of 
certain of the Icfia apiK.ar t., l.ave bpennir modified in the female 

h "■'*'> follows, a brood pouch 

beneath the tliorax, in whi. l. the young am protected. 

Except m some of the Bran.-hiopoda (as Apug, to which 



un'.‘” ‘h; 

Ana / flfft an.i ' 




NKRV0U3 SYSTEM. EYES. 


347 


allusion has just been made) abdominal legs are not found in 



always present as biramous swimming limbs {pleopoda), the 
posterior pair (uropods) often * forming with the telson tixe 
powerful caudal fin. In Isopods and Stomatopods the respira¬ 
tory function is carried on by tlie abdominal appendages. 

The centra! nervous system. In the Phyllopoda (Fig. 241 D) 
the ganglia of tlie ventral cliain are wide apart and each is con¬ 
nected with its fellow by double transverse commissures. There 
is a pair to eacli pair of postoral appendages. Many of the 
lower Malacostraca present little advance on this arrangement, 
but various degrees of concentration are presented by the several 
groups. 

The composition of the supraoesophageal ganglionic mass 
differs, as pointed out above (p. 323), in the Malacostraca and 
in some members at Ica.st of the Entomostraca. In the former 
there is evidence that three ncuromcrcs join with the optic ganglia 
to form the brain. Tins middle and the posterior nouromcres 
give off nerves to tlic first and second antennae respectively. 

In tlie Uran<;l»iopod genera Daphnia and the neuro- 

more of the sc(!ond antemmry .segment retains its post-oesopha- 
geal position (Figs. 241 D and 250) and forms the first ganglion of 
the ventral cliain. Hence we have in recent Crustacea two stages 
of tlie proces.s by w'liich tlie compound brain of Arthropod.s is 
formed; one (reprosenU'd by Daphnia and Limnadia) in which 
the Hccund antonnary neuro/ncro is post-oesophageal, the otiior, 
the rnalacostracan stage, in which it has become prc-oral, and 
merged in the rnaas of the brain, althougli in many Malacostraca 
the paired ganglia forming it are apparently connecU^d by a 
transverse commissure (Fig. 241 y) passing behind the oesopliagiis. 

Frontal sense organs. Attention may here bo drawn to smal! 
paired sense organs, found in many Entomostraca on the front 
of the head. In the larva of Apua they consist of papillae 
with dilated bases. 

Tlio unpaired or median eye often called the naupliw eye 
is a characteristic feature of the Crustacea, occurring alone or in 
association with the compound eyes in all the groups of the 
Entomostraca, and in the larval stages of the Schizopoda, 
Decapoda and Stomatopoda among the Malacostraca. In some 
Copepods it consists of 3 groups of cells, a median ventral and 
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Prn. 241,—Oeotnl KdrvoQB 
Sjratcmi of various Cr<» 
tacoa, fupAaaaia ps/* 
iucida (aftar O. O. Bars). 
B Aitaeus fiuwiatUis (alter 
Togt and Yung). C Ap- 
fmid4$ l^iirnllii (combiood 
from saverul ftgures bp 
Claus). D Limr%adia (alter 
KJunxingcr), anterior por-* 
tlon. F ^aia $quinado 
(after Miloe Edwards), 
o' uervt of Arst antenna ; 
ag of second : (in D) 

ganglion of the second 
antenna; au nerve to 
paired epe; bq euboeao* 
phageal ganglion, coo* 
slating of several fused 
neciromeres : eg commls* 
sural ganglion: ff bmin; 
go optic ganglion ; «i (In 
F) stomach; m<f mandl* 
biilar ganglion; mri and 
mr^ ganglia of first and 
second niasillao; $ vis* 
coral nervous system; sc 
oceophageal commissure; 
sy (In P) visceral ganglion* 
ua ners’e to median eye; 
p post-oesophageal com* 
missure (? of ganglia of 
2jid aoteonae). I-VTII 
thoracic ganglia; alv 
ilonilnal ganglia. (From 
Lang.) 
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two lateral, closely aggregated together and each with a pigment 
mass in relation with it. In the Corycaeidae large dorsal cuti* 
cular lenses are developed * in relation with the paired lateral 
elements of the eye ; but our knowledge of the morphology of 


the median eye is very defective. 

The structure of the paired eyes has been already described 
(p. 329). In many Brancliiopoda they sink into the body and 
are covered by a fold of the epidermis (Grobben). 

TJie nature of the 'paired eyes .—The morphological nature of 
the compound eyes of Crustacea has been much discussed, and 
the evidence still appears to be conflicting. In tlie Decapoda 
and otlier groups of liigher Crustacea they are mounted on 
jointed stalk.s and have therefore, to this extent, the character 
of limbs. As lias recently been clearly shown by Herbst.f 


tJicy may be replaced after injury by an antenna-like appen¬ 
dage. On tlicse grounds it has been urged that the crus¬ 
tacean paired eye is, in fact, the modified appendage of the 


first segment of the liead. 

On the other hand tlie eyes are sessile in Trilobites, an 
ancient and apparently primitive form of the crustacean stock. 
The compound eyes of Insects have a similar structure to those 
of the Crustacea and they are apparently derived from the 
groups of simple ocelli such as we meet with in the Myriapoda, 
and the Collembola. If these are to be regarded as limbs 
they represent the arthropod appendage in an extreme modi¬ 
fication indeed. Moreover the preantennary segment, of which 
the protocerebrum is the neuromere, bears a vestigial appen¬ 
dage in the embryo of Scolopendra (Fig- 229, 1). 


Tho argument for regarding the paired crustacean oyo os a mod Hod 
limb, which appears at first sight to be most cogent, is that omphasi^d by 
tlie exporiments of Horbst. TIio phonomonon is apparently al iad to 
that of homaD 08 i 8 .t In tho samo way. to take one of many instances, 
tho first antenna of an AseUiu. may. as on individual variation, assume 
tho character of a mandible. Tlio force of tins ovidoncu m lU boating on 
tho appendicular nature of tho crustacoan oyo doponds on tho oxUuit to 
which homcoosis is confined to truly homologoiw parte 
ontly anologous case, quoted by Uatoflon (l.c. p. 1 48), m which the hmdle g 

• Harfcog shows that these ore present also, though small, m relation 

with tho lateral elements of tho oyo of Cyclopa. 

t Archiv. f. Entwicktlutyjarwchanik d. Organ»ffUn, vols. 2. 9 and 13. 

t Bateson. MaUriaU for lf*e Study of Van^ton. P- . ^"Tthe^rm 

defined 08 “ tho assumption by one mombor of a moristic sorios of the form 

or cluirck^torB propor to other moinbors of tho senosi. 
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of a Burnet Moth is represented by a hind wing apporirs to show that it 
is not always so confined. In view of such a case can it be assumed that 
a lobe of the head not originally a limb, but lying in the line of the limbs, 
cannot take on the character of a Urab ? The amount of weight which 
we allow to the results of Herbsfs experiments in their bearing on the 

appendicular nature of the paired eyes depends on the answer to this 
question. 


Vesicular sense organs, usuaUy opening to the exterior and 
containing delicate sensory hairs and hard particles, are found 
in the basal segment of the first antenna in many Decapods, 
and closed vesicles of similar structure occur in the uropods of 
the Mysidoe. The open sacks contain sand, which is renewed 
at each eedysis. The dosed vesicles arc said to contain con¬ 
cretions of calcium fluoride. It Ims been generally assumed 
that these are auditory organs ; * but Kreidl f has shown, 
by an ingenious experiment, that they have another function. 
Specimens of the prawns Palarmon xiphius a.m\ P, squUla, 
shortly l>cfore an eedysis, wore kept in an aquarium in which 
sand at the bottom wa.s replatod by iron in a state of fine 
subdivision. At the eedysis tlio lining of the sack of the 


sense organ was shed, ^rith the rest of the outer cuticle, and the 
sack was furnished afresh by the Palaenwn from the materials 
available, namely irijn particles. On bringing a magnet 
into Its neighbourhood the Pahemon was now found to 
ludmo the body, so that tlie median plane wa,s directed 
oblnj^udy acourciing as tiie particles were attracted to one side 
or the other of the sack, and gave rise to a corrosponding 
^tmuilus to the hairs in it. It was thus apparent that a 
function of the saokv as t.. inform the animal, normally by the 
action of gravity on ffic ro„iained particles, of relations 

in space. IlolageJ Im.s corne to similar conclusions on the 
funotion of the organs in ilie tail of My.sidao. 

B^r§ concludes that all the organs, generally regarded until 
atolv oa otocysts i„ , 1 ... Vr^.lavea, .n in .r'.litv of similar 
f m tion, 1 . 0 . that tlioy ore not auditory but, to use Verwom's 
name, It would ap|var h..iwcvor. from the possession 


Wis. 


tier Decapoden. Zei*. /. 

Ba. 1(12, 

{ CompUa Rendu-o' T. l()3 (1886). 

{ Statocystenfonction, Arch. f. s«. Phy.Mogic. Bd. 73 (18S)8). 



ALIMENTARY CANAL. 


351 


of a stridulatiiig apparatus by some Decapoda (Ooypod Crabs 
and tlie Hermit Crabs Coenohitu), whicli live largely in air,* 
that a corresponding auditory organ must be present some- 
wliere in the body ; and the possibility is not excluded tliat 
the sacks in (jue.stion have, a.s in Vertebrata, a double function, 
informing their owner of the pre.sence of audible vibrations, 
and also of tlieir own relation in .space. 

The alimentary canal consists of fore* mid- and hind-guts, 
of which the first and last are lined by chitin and derived re¬ 
spectively from the stomodaeal and proctodaeal involutions 
(estodermal) of tlie embryo, while tlie mid-gut is endodermal. 
The remarkably small extent of the mid-gut in the leopoda 
and some Decapoda, and the corresponding increase in length 
of the hind-gut have been already mentioned (p. 340). 

The fore-gut is usually a short and sim])le tube in the Ento- 
mostraca, but in most Malacostraca its posterior region is modi¬ 
fied into the masticatory stomach. Salivary glands are usually 
wanting. From the upper end of the oesopliagus the alimentary 
canal usually runs straight to its termination, though it is 
coiled in some Cladocera. and Caiman find.s that the Curnacean 
PUxiycunui Ilolti has a tract of the gut (? fore-gut) coiled. Tlie 
mid-gut is marked olf by constrictioiiH anteriorly and posteriorly ; 
in front it is produced into diverticula, which are usually called 
the ftver, but as their walls contain ferment cells the term hepaio- 
pancreas probably more nearly expresse.s their function. They 
may be paired (Fig. 251) or unpaired in the Kntoraostraca, and 
in the Malacostraca are represented by one to four pairs and 
they may remain simjile, or be subdivided as in Decapods. In 
Stomatopods it liOvS recently been shown byOrlandi f tliat there 
are two of these diverticula opening into the anterior part of 
the mid-gut, lying parallel with tlie alimentary canal, and 
expanding into voluminous lat<ral branchc.s in the j)ust<*riot 


segments of the body int haling the telson. The sujijioHc cl 
segmental and hence ex<ej)tion.iI relation of thesi* brunclie.s 
with the gut in this group liiu.s shown not to exL-^t. 


In some Amphipods a single or j>aire(l eaeeum i.s jui .sent at llw 


• Cf. 
t H. 

1 >. IJ >. 


AIcm>i k, .Inn. and of 

OrluiMli» Knllit Siruxiun* 
Atii thUa ,Soc, Litjuntica di 


\0f. //fMftf., ffV 

tl* ir in* 

St. n'tt * 


'1*1 HI. |i. 
ilrlla SiitkdUi 

\<A. XI. N'. - 


t H.MiI j. 
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posterior end of the mid-gut, but the excretory function attri¬ 
buted to it is doubtful. In any case it is not comparable 
with the malpighian tubes of Insects, which are diverticula of the 
hind-gut. The hind-gut in Crustacea is without appendages. 

The peristaltic contractions of the gut subserve the circu¬ 
lation of the blood, and it appears to be the chief agent for this 
purpose in the small Entoraostraca which are without a Iieart. 

The chitinous linings of the fore- and hind-guts are shed at 
^h ecdysis. The remarkable paired calcareous concretions, 
known as crabs* eyes and found in the walls of the stomach of 
Decapods are also shed at this time and, being ground up 

the stomach, apparently furnish tlie lime salts for the hardening 
of the new external cuticle. 

In the strangely distorted and blood sucking females of some 
parasitic Isopods (Epicarida) the alimentary canal ends blindly, 
as It does in some aberrant Cirripedes. In the Rbizocephala 
and adult Monstriilidae the canal is absent altogether. 

The blood of and of other Decapod Crustacea and of 

quiUa is a dear fluid containing haemocyanin, a respiratory 
su stanct in w-liidi copper is jirescnt in combination witli a 
protcid. It u colourless when deoxidized, but bright blue 
) n oxidized (ox\ liaemocyanin). A red substance may also 

c presenttetronerythrin "—but it is doubtful if the latter 


posst^a a n'spiratorv' function. In the Branchiopods Daphtiia 

and hirocGphalu.,. however, Lankester found that the respiratory 

.(ante of the blood plasma is haemoglobin, and this is the 

e a o in typn,s, and in the parasitic Copepod Lenian- 

} Floating in the plasma are colourless amoeboid 

corpuscles. 

The ('rastin can cir<-ulat<»rv sy.stcin consists of a heart (absent 
tver in the (Airipedes and many Ostraeods and Cbpepods) 

mri ^ fth'mentarv canal, a s 3 ’-stem of arterial vessels 

e 01 ess exten.si\c, and of the lacunar hnemocoele, of which 
the pencardmm is pail. 

Plnllupod firarichipus (Fig, 247) possesses a condition 
H ^ circu ator\ S 3 -stem, whicii may well be regarded as primi- 
^ ^eart is u long vessel traversing the thorax and 
omen, an provided with n pair of valvular ostia in each 


• Cf. Halliburton, Blood of 

1886. 


Dccapocltt, Joum. of Phynology, vol. vi. 
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segment, through which the blood enters from the surrounding 
pericardium. A terminal ostium is situated at the posterior 
end of the heart and the blood is propelled forwards by rhythmic 
contractions. The “ aortic ’* artery leading forwards from the 
anterior end opens into the system of lacunae which pervades 
the body, especially the superficial regions beneath the integu¬ 
ment. In the limbs the lacunae are so arranged that the blood 
flows down one side and up the other, supplying the epipodial 
branchiae in its course. An incomplete transverse septum 
dorsal to the alimentary canal separates the pericardial sinus 
from the lacunae ventral to‘it. 

The variants on this arrangement met with in other groups 
of Crustacea consist mainly in the shortening of the heart and 
pericardium in various degrees (until we reach the capsular 
form of heart found in the Euphausiidae and Decapods on the 
one hand, and the Cladocera on the other) and in the develop¬ 
ment of the system of arteries between the heart and haemocoele. 
This system is most complete in the Decapods where the trunks 
become subdivided into arterial capillaries. A remarkable vessel 
found in this group, and in the Schizopods and Stomatopods is 
the sternal artery which passes ventrally from the heart on one 
side of the intestine and between the parallel strands of the 
nerve cord to communicate with the subneural artery from 
which the limbs are supplied. 

In Decapods the gills are supplied by a system of lacunae 
independent of the vessels to the limbs, an afferent set leading 
from the large cephalo-thoracic sinus to the gills, and an efferent 
conducting the blood to the pericardium, where it mixes with 
the venous blood returned from other parts. In this group 
the blood is propelled backwards as well as forwards, a superior 
abdominal artery extending backwards from the heart above 
the intestine. As the heart is abbreviated in the several groups 
the number of c»tia diminishes. 

The excretory organs usually consist of a more or less coiled 
tube ending internally in a sack and opening at the base of an 
appendage. They are probably homologous with the segmental 
tubes of Annelida and other coelomate animals. In the Mala- 
costraca the antennal gland (the green gland of Ae/acus) opening 
at the base of the second antenna is usually the excretory 
organ of adult life, though the maxillary gland is found in the 

2—in . A 
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larva (and, in Cumacea, and Stomatopods in the adult). In 
the Entomoatraca the latter is usually the functional gland in 
the adult. It opens at the base of the second maxilla^ and is 
frequently contained in the fold of the shell, and hence known 
as the shell gland. 

Reproductive Organs. The sexes are distinct in the great 
majority of the Crustacea. The Cirripedia, however, which 
lose their locomotive powers early in larval life and become 
attached, are in nearly all cases hermaphrodite, thus oifering 
a parallel with many, tho^^qh by no means all, other sessile 
animals (Tunicata, Phoronis^ many Polyzoa). Among Cirripodes 
also occurs (jS'ea/pei/um,/6/<7) a remarkable form of dimorphism, 
the association of supplemental and degenerate dwarf males 
with the hermaphrodite individuals (p. 424). Several genera of 
the parasitic Cymothoidae and Epicaridea (Isopoda) are also 
hermaphrodite, and protandrous, i.e. a male phase precedes the 
female phase in the life of the individual (p. 484). The 
remarkable tendency to a hermaphrodite condition in male 
DfcapoflH, wlien they recover from the suppression of the re¬ 
productive organa induced by cirripede and other parasites is 
alluded to below (p 445). 

Tlie reproductive organs are formed on the same type in the 
two sexes, and usually occupy similar positions, dorsal to the 
intestine. In both they corusist of a single pair of gonads 
with the corro.sponding duots, tliough fusion to a greater or 
les.s extent between those of opposite sides may occur. The 
ducts (iiicsoderniui) are continuou.s wdth the gonads, and meet 

diiitull', an invaginut< d ectodermal tract opening to the 
exh-rior. 

In <yy:lapM the rudii.ienf.s of tlie gonad (“stem-cell*’) can be 
dl'ttiTig\iisliod at an •'j'.rly st >ge of segmentation. 

Ihe spermatozoa vary u i«.li‘l\- iii character. They are amoeboid 
in Polyphemus (Clmioi t'i.i). o\ a! or sausagc-aliaped in the 
Copepod.s, sjjhcrical and beset uitli stiff radial processes in some 
Decapods, EupluiiiSiiidac and Stoinatt>pods. They are often 
filiform {though not always, c.g. I^analia) in Isopods and Am- 
phipods, in the Cirripadcs, and the 0.stracods, in which latter 
group they arc of gigantii- Mtj- (up to 10 lines), exceeding the 
whole body in length three «.trfuur times. In many cases they 
are apparently not mobile, but it is not the case, as sometimes 
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stated, that they are always motionless in Crustacea; 'tot those 
of Polypficmus, Cirripcdcs and Ostracods have been observed 
actively mobile. The non-mobile condition finds a parallel in the 
Chilognatha ^nd in some Arachnids. In Decapods fertilisation 
is effected, according to Koltzoff, by the action of an explosive 
capsule which is carried by the spermatozoon (cf. p. 625). 

In many groups of Crustacea the spermatozoa are encased 
in spermatophorca, secreted by the terminal portions of the 
male ducts. 

The remarkable manner in which the eggs of the Gadocera 
arc nourished at the ex})cnso of neighbouring germ cells is 
alluded to in the description of that group (p, 379). 

In tlic Entomostraca the genital ducts of both sexes usually 
terminate at a segment lying at the limit between thorax and 
abdomen whatever the numerical position of this segment may 
bo ; though the Cirripedes are exceptional in that the oviducts 
open on the basal segment of the first thoracic appendage. 
In the Malacostraca the positions of the genital openings are 
fixed, like the number of the segments, the oviducts opening 
on the 6th, the vosa deferentia on the 8th thoracic segment, 
cither on the base of the appendage or near by on the sternum. 
It follows, on the view that tlie genital ducts are derived 
from segmental organs, that in the Malacostraca the segmental 
organs of different segments subserve the transmission of the 
reproductive products in the two sexes. 

In many Copepods paired or single sperm passages are found 
in the female leading to the receptaculum seminis and distinct 
from the direct orifices of the oviducts. To these openings (or 
opening) the spermatophores are attached by the male. The 
remarkable birth-aperture described by Schobl in woodlice is 
referred to in the section dealing with the Isopoda (p. 483). 

The secondary sexual characters in the shape of sense organs 
and prehensile modifications of the limbs, together with the 
many remarkable forms of sexual dimorphism found among the 
Crustacea are described under the several subdivisions. 

Larval histories. One of the most interesting features of the 
Crustacea is the occurrence in all the chief groups, however 
diverse the forms of the adult may be, of a larva vrith cer¬ 
tain constant characters, the Nauplitia (Fig. 242). The* name 
was originally given by O. F. Muller towards the end of the 
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eighteenth century to an early stage in the development of 
Cyclops, under the supposition that it represented a distinct 
generic type. It is now used for a larva, to whatever group of 
Crustacea it may belong, having the following characters. 

The body is oval in shape, wider in front than behind, and 
shows no trace of external segmentation. A doiaal shield is usually 
absent, though it occurs in the nauplius of some Cirripedes and 
of the Cypridae (Ostracoda) (Fig. 256), A pair of setae projects 
on either side of the hind end. Three pairs of appendages are 

borne by the nauplius 
larva ; the anterior (Fig. 
242, a) tlie 1st antennae 
of the adult, and 
in front of the mouth, 
being unbranehed, while 
the two posterior, winch 
become the 2nd antennae 
and mandiltU'S, are hira- 
moiis and paroral and 
post oral respectively. 
The 2nd antennae carry 

a inasticatorv e n d i t e 

% 

directed inwards and 
acting a.s a jaw, but 
tl»o mandibles arc, a.H 
yot, usually wilhnut sucli 
a process. A largi^ upper 
lip j)rojcct.s in f?\mt of 
the moutli, and the ali- 
montury canal prti.sents 
a division into oeso- 
plingu.s, had- and hind-gut, tlumgh the anus is not always open 
on hatcliing. Tla- innervation nf the 2nd autonnao is from a 
postorul pair of ganglia, ns in some adult lirancldopods. The 
unpaired median eye l-« tlio sole organ of vision, iuul a heart 
is not 3 'ct formed. Tim iittln larva moves rapidly tlirough 
the wafer, by the strokes of all Ihreo pairs of hinhs. 

Wlien it is recognized that a !iauj»IiuH stage uetan's in the 
development of the frce-swiunning ('opi jujds and of their un¬ 
gainly paraatic relations, in tlie Ihirnaeles and SaccuUna, in 
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Cypris, Apus^ Branchipus and Leplodora (winter eggs); and 
among the Malacostraca in Ev/phausia, Leucifer and Penaetia it 
is astonishing what diverse forms are knit together by this three- 
Umbed larva. In all these the young enter on a free life as soon 
as they are hatched, and the adult form is attained in a series 
of moults by a more or less gradual metamorphosis. But in 
other cases, as in the CHadocera, many Ostracods, Nebalia and 
the “ Peracarida *’ the young are protected, in one way or 
another, during their development, by the mother, and the 
metamorphosis is greatly abbreviated. Nevertheless some 
indication of the 3-limbed naupUus stage, and the throwing oflf 
of a nauplius skin occur in all. 

In the Entomostraca with free swimming larvae the advance 
to the adult state is by a series of gradual changes, but in the 
• Malacostraca a number of remarkable larval forma are found, 
belonging to stages which succeed the nauplius, and adapted 

to a pelagic existence (p. 448 ff). 

In moat, though not in all, cases (and markedly not in the 
Zoaea larva) the segments and appendages appear in order from 
before backwards, the former being differentiated from a bud¬ 
ding zone at the posterior end of the larva. 

Various contrivances are found among the Crustacea for the 
protection of the eggs and of the young. In several ^oups the 
batcli of eggs is contained in a sack formed by the hardened 
secretion of the oviduct. This may project freely as in the 
Copopods, and some Euphausiidae, or lie in the space between 
the dorsal sliieldand the body as in Clrripedes. In the Cladocera 
many Ostracods and Estheria the eggs lie free in this space 
and the whole of the development may occur in it. When 
the slowly-developing winter eggs of the Cladocera are produced 
the walls of the dorsal shield about them become thick and hard, 
forming the saddle-like “ ephippium,*' which being shed at the 
next moult with the eggs contained in it, forms a bivalved case 
for their protection. In the Apodidae two lobes of one appen¬ 
dage become opposed to form the egg case on either side. In 
many Malacostraca a brood pouch is formed as wo have seen 
by the modification of opipodites of some of the thoracic limbs 
into ooategites, and between thorn and the ventral surface of 
the mother the young are protected. In the Decapoda the eggs 
are attached by a sticky secretion to the long setae on the 
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abdominal legs of the female (many Macrura) or enclosed be¬ 
tween the flexed abdomen and the tliorax. 

Fossil forms. The differentiation of the main tj^pcs of Crus¬ 
tacea had occurred before the palaeontological record begins. 
The Carboniferous rocks contain examples of four out of tho 
five Sntomostracan orders, the firanchiopods being represented 
among other forms by Estheria, a genus which has existed from 
the Devonian period to the present day, tho Cirripedes by 
Poaicipea and Scalpdlum, which go back to the Ordovician, 
and the Ostracods by a variety of genera wliich already peopled 
the Cambrian waters, the genera Cythere and Bairdia extending 
from the Ordovician to the present day. The fourtli order, 
the Trilobites, is wcU estahlisl.cd in the Cambrian rocks, attains 
its highest development in the Ordovician and by Devonian 
times was already on tho wane. It is doubtful if they extended 
beyond the Carboniferous period. TJie remaining Entomostra- 
can order, the Coi)cpods, consisting of small and thin-shcllod 
forms, have not been recognized in any geological formation. 

A number of genera found in tJie Palaeozoic rocks from tho 
Cambnan to the Carboniferous appear to bo related to tho 
most pnmitive group of the Jlalacostraca—iVefio/io and its 
allies. Among tliose may bo mentioned Ceratiocaria (Cambrian 
to Carbomforous) and Ilyme.nocaris (Cambrian), Echinocaris 
(Devonian) and Dithyrocaria (Carboniferous). They have thin 
ivaK ed oi at least hilohed shells and tho abdomen is apparently 
without appimdages though ending in a wcU-marked caudal 
ork. They have bt^en nderred by many authore to the Phyllo- 
pixls. but the presence in Ceratiuraris of a rostral plate appeals 
tu jusCly the a.ssociation of thi.s genus at least with Nebalia. 
ihn (urbu,uf..r,m8 genera Palacocaria and Acanihotda<m and 
I, ruu.iti aampaonyx and NrctoUlaon (Brocchi) and perhaps 
Al... 6 .,,Hnd their ally, as was first ably shown 

' ' y ' Tasmanian genus Anaspidca^ and 

form. \Mtl, , 1 . , 1 ^,. .roup of the Syncarida (I^ackard). 

I .'i Malaco.straea—shrimp-like forms with 

swimming abdomen ending in a 
caudu) hu, .M..t!od eyes and a scale-liko exopodite to the 2nd 
unteuua IS ), |>i. routed in tho Carboniferous rocks by a number 

t\t.I foasils . Palaini/alarmtni Whitfield, appearing 
ill the Devuiu.in, Cranuopsia {Pohieocratujon) and Anthrapalae- 
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vnon Salter. Whether these are to be regarded as true Decapods 
or as belonging to either of the groups of Schizopods is an open 
question, as is, indeed, the case with regard to some existing 
species. Pygocephalus^ from the Coal Measures, appears to be 
a true Schizopod, belonging to the division of the order classed 
with the Peracarida.* Clearly marked Macrura appear in the 
Trias and are well represented in Jurassic rocks. The first 
undoubted Anomura and Brach 5 rura occur in Cretaceous strata, 
tliough PalaexTMchue has fair claims to represent the latter 
suborder in the Jurassic period. 

Scnlda (Jurassic) and Squilla (Cretaceous) give the first clear 
evidence of the Stomatopods. 

CycioapJuicroTna from the Great Oolite is undoubtedly an 
Isopod, but it is far from certain that we possess any earlier 
representatives of the order. It is interesting to recognize the 
characteristic tumours caused by parasitic (Bopyroid ?) Isopods 
in the fossil crabs (Palaeocorystea) of the Cambridge Greensand. 

The first unquestionable Amphipod is not met with until 
tl»c Tertiary (Miocene) strata, though a number of obscure 
Palaeozoic forme have been referred to this order. No fossil 
Cumacoa have been recognized.f 

On reviewing the palaeontological history of the several orders 
of Crustacea, the Entomostroca appear to have been difTcrenti’ 
ated at a period before the record begins, and four of their five 
orders were well established together with certain main t 3 q)es 
of the Malacostraca (Lcptostraca, Syncarida and the Caridoid 
typo) by the Carboniferous period. It may however fairly be 
claimed that the order of appearance of the subdivisions of the 
MalacoHtrncu is consistent with the conclusions as to their 
rolationKhip to which wo are led on purely morphological grounds. 

Sub-class 1. ENTOMOSTRACA. 

TIk) name Entomostroca, though established by long usage, 
is without etymological significance as contrasted with that of 

^ ("f. H. Woodward on the geniia Pygocophaiua Huxloy» a primitive 
Sclii//>pod Crimiacoan, from the Coa] Measures. Oeol^ M^igozim^ decode 
5, vol. iv, p. 33i), Sopt. 1007« 

f Tlio author dosiros to express his indobtodnoss to Mr. H. Woods of 
6 t. John’s Collof^c^ Cambridge^ for his ossistunco in preparing this notice 
of tlio palaeontological rccoid of the Crustacoo* 
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the other great division of the Crustacea, the Malacostraca.* 
This latter was applied by Aristotle to crabs, lobsters and otlier 
members of the higher Decapoda, and found its application in 
contrast, not with the Entomostraca, which were probably 
unknown to Aristotle, but with a group of “ shell-fish ’* with a 
still harder shell—the oysters, and other bivalves. 

Aristotle’s fa.a eirronn f included insects, arachnids, myria¬ 
pods and apparently the land isopods. as well as annelids. 
Writers of the 18th and early 19th centuries used the name 
Crustacea for Aiistotle’s Malacostraca, and the name Entomoa- 


traca (first employed by O. F. Muller, 1785) was applied, thougli 
without ver^' direct antithesis, to a group of animals regarded as 
distinct from the Crustacea, as thus understood, and approx¬ 
imating more nearly to insects. Even so late as 1840, 
Enchson di.stinguished between Entomostraca and Crustacea 
and included in the former Limulns, together with Apus, Bran- 
diipu^, Daphnia, Cypris, the Cirripedcs, Cyclops, Lcmaea, etc. 
Some time before this date, however, many naturalists had 
recognised the nece.s.sity of establishing a comprehensive group 
to wliK-h the name Crustacea was applied. Aristotle’s name 
Mulacosliaca was revived to designate, tliough in a larger 
sense, the higher division of Cru.stacea. while that of Entomos¬ 
traca was employed for tlie lower division, with the exclusion of 
Limnl^. It, has thus come about that the name.s Entomostraca 
and Jralacostr.loa stand for the two divisions of the Crustacea, 
thougli t)ie members of the former group are not more con¬ 
spicuously segmented than tho.se of the latter, and the Malacos- 
tr^a have as a whole firmer sliells than the Entomostraca. 

here arc not many po.sitive diameters wliidi disthiguish the 
hntomostraca as a group. They are for the most part animals 
of small size as compared with tlic Malacostraca. The number 
of iKKly segnicnts, (hough fi.xcd in Cirripedcs and approximately 
constant m (/opepods, ^-a^ie.s widely in the other ordere. The 
abdomen conuuonly (erminatos in n caudal fork. The excretory 
glands of both second autennaiy and second maxillary segments 
are do^^Iopcd in the course of the life-history, but it is the latter 
w c 1 (as t 0 shell-gland in some grcuips) becomes the excre¬ 
tory organ of the adult—a relation the reverec of that usually 


• /iaXicis soft. 6vr^Koy shell. 

t JV.. a living thing ; ryrvno, c,„ in pUcev, or, «-o sav 


segmenUd.** 
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obtaining in the Malacostraca.* The median eye of the larva 
nearly always persists, though often with compound lateral eyes 
in addition. The stomach is usually without a masticatory 
apparatus, though a regular “ mill ” is present in some Ostracods, 
notably in Bairdia. The ganglion of the second antennaiy 
segment retains its subocsopliageal position at any rate in two 
divisions of the Brancliiopods. Among Phyllopods also we find 
a very simple condition of the heart, it being (in Branchi-pue) a 
uniform tube with a pair of astia corresponding to each of the 
segments in which it lies. 

On the whole the Entomostraca are distinguished by a simple 
and apparently more primitive grade of organization than is 
found in tlio Malacostraca, and also by the absence of those 
characters by the possession of which the Malacostraca are 
united. They arc however a much less liomogeneous group than 
tljc latter, and it is the fact that most divisions of the Entomos- 
traea differ more from one another than Nehalia does from some 
members of the Phyllopoda. 

Eiwili group wliicli lias left any i)alaeontologieal record at all 
was aheady well differentiated by the Ordovieian period. The 
TrilohiU s died out early, but cerUin genera of the Brauchiopoda, 
Ostnicoda and Cirripedia have peisisted from Ordovician times 
to tlic present day. 


Order 1 . Trilobita. 

Palaeozoic Crustacea with one pair of antennae and (apparently) 
four other pairs of cephalic appuulatjes, the gnathobasea of the 
latter serving as jaws. Of the numerous (up to 30) segments of 
the trunk the anterior are free and the posterior are united irUo a 
pygidium. All tlie trunk segments except the last (tdson) hear 
biramous appendages. 

• In the 08triu-4xlu {Cypris) however both antennory emd maxillury 
glands ore found by Claus to bo present in the adult. 

t Hnrnioistor, Die Organisation dcr TritobiUn, etc., Berlin 1843 
Beyrich, Untera. iib. TrilobiUn, Berlin, 1846. 1840. Borrande, Systems 
sUurien du centre de la liohime, Proguo, 1852. Salter, 8. W. A mono¬ 
graph of the Drtttsh Triivbites, London. 1804-1800. Walcott C D 
Fossils of the Utica Slato. Trans. Albany Inst., vol. X. 1883 (separate 
copies 1870). Id., Note on some appendages of Trilobites, Proc Biol 
Soe. Washington, vol. 0. ^clier, C. E.. Several papers (in American 
Joum. o/ Ac., Mr. Ill, vol. 40 and 47, and in American (Jeoloaist, vela. 13. 

5 and 10), collected m Studies in Mvolution, Yale Univ. Publ., London, 
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TrUobit€s abound in Cambrian and Silurian stratpa in many 
parts of tlie world, but appear not to have survived to tlie 
secondary period. Though the preservation of the head and 
trunk is often as perfect as can be desired no traces of appendages 
were for a long time found, but within the last few years the 
Utica shales (Lower Silurian) of the State of New York have 
yielded abundant examples of a trilobite, TriaTthrus Becfci. 
the organic parts of which are replaced by iron pyrites. These 

have been made the subject 
of a series of reports by 
Beecher, Many features of 
the appendages of these speci¬ 
mens are preserved in minute 
detail, and their discovery has 
put our knowledge of the group 
on a new level. Unfortunately, 
however, notwithstanding the 
care which has been devoted 
to their elucidation, we are 
still left in tantalizing uncer¬ 
tainty on several points. 

The body of Trilobites is 

oval, and dorso-v’entrallv flat- 

% 

tened. It consists of a head 
and of a .segmented trunk the 
anterior somites of w)\ich w'ere 
movable on one another, while 
tile posterior are united, as in 
many Isopoda, to form the 
pygidium ; and. like woodlice, 
the animals possessed the power 
of rolling themselves into a hall, in w'liieh position they are 
often preserved. 

In both h(‘Hd and trunk a centra! jiart is divided by longitu¬ 
dinal grooves from pleural region.s. causing the tripartite division 
of the body in allusinn to wliieh the group was named. 

On the central part of the head, known as the glabtHOy trans¬ 
verse grooves usually indieati* a divi.sion into live segments, of 
which the posterior or orctpttnl segment is most distinct (Fig. 244). 
The anterior and lateral regions of the head end in a sharp 
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border, and the postcro-latcral angles are often produced into 
long backwaixl-dircctcd processes. 

Ihc pleural regions of the head are known as the genae or 
cheeks, and bear the large* reniform, many-facetted tyee 
wliich are in some cases raised on prominences of the head 
sliield. In Ilarpcs the eyes are replaced by groups of two or 
three ocelli, and in some genera they were absent altogether. 

The gena of either side is traversed by the facial or ocular 
suUire, whicli runs forwards 
from tlie hinder or outer mar¬ 
gin, passing on the median side 
of tlie eye, and is continuous 
with its fellow in the middle 
line in front of the glabella. 

From the fact that in decayed 
spociiiicna tho rogionB of tho head 
fall npari at this suture it is con^ 

}vttU\nHl that some small amount of 
inovernont l>otwoon tho hciul regions 
may have ht*ou adinitUnl during life 
uml tlie trnim “ fixed ** and ** mov- 
uhlo elirelcs huvo l>eon applied to 
th(^ ureas of tho gonuo internal and 
oslrmul to the ocular suture. 

In mid it ion to (lie eyes on tho 
u|>)K»r Hurfai*e of tho hood, Homotrilo- 
IjitvH iKiKsi'MH structures on tho under 
Hurfa<*o which arc also, apparently, 
cy<‘H. They are situated on cither 
Hiilo of tho posterior third of tho 
liyjK>stoino. Eiu'li consista of a 
HUiall oval area, called a macula by 
Lin^lstrorn. In some genera they are 
stnoolli ; in otliors thoy are partly or 

entirely faceiUMl, and rc^sornhle in 241.—Oorsaj ttirlsce of TViartArw# 

Htruciure the dorsal oyes.* Beek%. AIUt Becclicr. 



The free trunk-segments vaiy in number from two (Agnostus) 
to twenty-nine. Tliose of the pygidium also vary in different 
genera (from, 2-28, though the number is by no means com¬ 
plementary to tliat of the free segments), os does the complete¬ 
ness of their fusion into a uniform plate. 

The terminal segment (tcison) is without appendages and the 
anus is situated on its under surface. The sternal region of 



364 


CBUSTAOBA SNT0M08TBACA. 


the trunk segments U sometimes traversed by longitudinal ob¬ 
lique ridges, interpreted by Beecher as marking the apodemes 
for muscular insertion. 

Beneath the head a lai^e labrum {hypostoma) projects back 
over the mouth, and a small lower lip is placed behind it. 

Appendages. A pair of long annulated antennae (Fig. 244), with 
a large basal .joint, are inserted on either side of the labrum. 

From the region of the mouth a series of appendages, set wide 
apart, at the ends of broad stemites, extends to the end of the 
pygidium. In the post-cephalic region they have, in Triar- 
thrus, the following characters. They are blramous but peculiar 
among crustacean limbs in being deeply cleft down to the 
coxal process (Fig. 245). The cndopodite is cylindrical in 

the anterior part of the trunk, 
but Its basal segments become 
more and more lamellar as the 
series is followed back. Thoexo- 
podite consists of a long basal 
segment and a multiarticulate ter¬ 
minal portion, both beset with 
an abundant fringe of long setae. 
From the base of the limb what 
appears to bo a coxal endite ex¬ 
tends inwards towards its fellow, 
as in ApuA and its allies ; but as, 
apart from this, it is not clear 

that there is anv uncieft basal 

% 

portion of tlic limb (protopo- 
dite). the homology of tliis element of the limb remains for the 
present obscure. 

In tho head Bceclior cmu-ludcd that there were four pairs of 
appendages in addition to tlic anU-nnae, though, owing to the 
difficulty in determining their points of ii»sertion, the number 
as.signed to tlie liead is in part a deduction from tfie number 
of the segmental grooves on tlie dorsal surface of tlie glabella. 

The two posterior liend appendages appear to have had a 
structure similar to that of the legs behind them, though with 
a longer and denticulated gnatbobase. The two appendages 
in front of them had also, appurently. a large gnathobase, but 
the conclusion that their appendage.s, like those of the segments 





Fro. 2*i. — DjMrtl view of the right 
ucc >011 and third thoracic IcjM of Triar- 
(Aru«, a; riMt<'>rcd by lUvchcr. In II 
Ih-et'tno nro omlttoj, ♦-i eiidopodltv 
\7ith PegtniMUs iHJ; tx ovujodite, w|ih 
1-2. 7 the prolilomatlcaj 

c.'xal pr(ic««i or ffnithobaae. 
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behind them, were also birsmous appears to rest on insecure 
foundation. 

The Utica shales have also yielded specimens of Trinucleus 
in which the pygidial appendages are displayed, and these 
resemble the corresponding structures in Triartkrus, though 
considerably shorter. 

Before the discovery of this material much light was thrown on the nature 
of the appendages of Trilobites by Walcott who examined a large number 
of fossils of Calymene by means of sections. He concluded that two long 
and sometimes spirally twisted epipodial lobes were appended to the 
outer side of the base of the biramous limb. In view of the difficulty of 
arriving at certain results by this method, and of tlie fact thot Trinrthrus 
yields no trace of such structures, their existence in Calymerif appears 
very doubtful. 

Development. Remains of young trilo- 
b ites are sometimes found associated witli 
those of adulU, and the successive stages of 
the development of the liead and trunk 
have been traced by Barra nde and by 
Beecher. In the earliest which has been 
recognixed, the protcuipis liitujo. of the latter 
author, they arc minute oval bodies *4-1 mm. 
ill length, with indications of the five divi¬ 
sions of the glabella, and of one succeeding 
Segin-mt Tlie eyes are anterior and mar¬ 
ginal wlien they fii-st appear, the subse¬ 
quent change in position causing the indentation of t!ie ocular 
suture of tlie adult. The appendages of tlie young have not 
been seen. 



FiO. 246. — Larva ot J)nl* 
maniUf ioHalii Bar. 
Ill the aiia-prvtai*- 
pis " stngo. A pyKi* 
<iiuin ot three 
U present, but iUvrv 
are as yet no free 
thoracic .sejunoMls. 
K 60. From Becchcr. 
After Durrande. 


The fact, pointed out by Hnrrunde, tliut in TrinucUus, and othor goncrii 
a pygidiurn U formed bofor<» the iiurnl>er of frw tlioracic Kcgments 
lotnpieU*, dnoB not. «« iniglit «t first nppoai-, m*t'«-s8iu-ily show tiuit the 
reRioii of the foniintioii of fiesh sflgnients w«8 in front of tho i>yt:idivim. 
\V© nro ut liberty to hiii)f>o8o Ihiit the formation of fresli se^mentb oec»irr.*d 
at tho posterior end of the I.khIv, us in most other young Crustwea. niul 
that segnicsntrt which at ono stage of growth belonged to the pygidmin 
becunio in a later stage, after casting a shell, free thoracic scgnients. 


Occurrence. Tin* remains of Trilohite.s are a.ssot'iutcd in 
marine strata with those of Criiioids, Brachiopods and Cephalo¬ 
poda. Tlie absence of eyes in sonic cases is perliap.s an indica¬ 
tion that the ft|>ecies so characterized inliabited deep water. 

In view of the high interest attac'hing to Trilobites as ancient 
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and primitive members of the Crustacean series, it is most 
undesirable to press the evidence for moie than it is worth* 
and in the foregoing account of the appendages an attempt has 
been made to show where, as appears from the published 
descriptions, the ground is still insecure It sc-nns certain 
that tliey possessed only one pair of antennae, and, taking 
mto account the indications of segmentation in the glabella 
of the larva and of the adult in addition to the evidence 
afforded by the appendages, the existence of four other cephalic 
limbs, provided with gnathobases, appears probable. The 
establishment of these results would confirm in the most 
sinking manner the conclusions which have been arrived at from 
the study of the existing fauna on the nature of the second an¬ 
tennae of Crustacea—namely that they are postoral appendages, 
which have in recent forms become preoral. 

Besides the characters of tlie second cephalic limbs and tlie 
mdu-atiou of segmentation of the glabella into five segments, 
we may recognize as primitive features the pre^mce of limbs 
on all the segments except the telson. the varying and usually 
large number of the body segments and the'small degree of 

cuilizatinn in the series of appendages, though how far 

this applies to the head appendages must remain for the pre¬ 
sent undecided. 

In the (wo lust features Trilobites resemble the Phyllopods 

among tlie Branehiopoda. to which group Burmeister Imd'pointed 

out tlieir resemblanee before the discovery of the appendages. 

It IS also shown in the huge hypostomu and the gnathobases 

of the post-eephah. limbs ; and the absence of a carapace finds 

a parallel m liranrkifrus and its allies, f)n the other hand the 

d-rply eloven eharacter of the limbs removes the Trilobites 

from the nnnn-diate neighhourhotKi of Phvllopods, as also from 
all otJier recent forms. 

Cntii the appt'ndiiges wrre discovered Trilobites were 
usiia ^ tiasstd \\ith and its allies, on account of the 

sliape of the head sl.Md. th,. position of tlie eyes and the 
so-calletl “trilol.it,. stage- in the develo]nneiir of Limulu^. 
Tins assoeiation is indeed still retained by many authors, 
but the mdieafioM of five pairs of repbalie apjx-adages. as in 
the Crustacea, not seven as in the eephalo-tborax of the 
Mero.stomata, and the evidence which \ve now lia\e on the 
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oliaractcrs of the appendages, the antennae and the others, 
appear to remove them widely from the latter group and to 
bear indisputable testimony to their Crustacean affinity. 


Order 2. Branchiopoda.* 

Crustacea with an elongated and often distinctly segmented 
body ; usually with a flat shidddike carapace or laterally com¬ 
pressed bivalve shell, formed by a reduplicature of the skin. The 
mandible is without a palp in the adult. There are at least four 
and generally many pairs of swimming feel, which are in nearly 
all case^ leaf-like and lobed. 

The animals belonging to this order differ very considerably 
in form and size, in tlie number of their segments and appendages, 
as well as in their internal anatomy. They agree however in the 
lobcd and leaf-like cliaracter of their feet. Of the two groups 
into which they are divided, tlie Phyllopoda are probably 
the most primitive form of Crustacea which has survived. Their 
primitive character is seen in the large and varying number of 
segmejits of tlie body, the small degree of differentiation through¬ 
out the series of their ajipendagos, the tubular heart with the 
eegmentally arranged ostia, the simple character of the ganglionic 
chain, and the persistence in all of them of the nauplius larva. 
The other group, the Chulocera, may be regarded as an off-set 
from this primitive stock (probably from a form allied to the 
Conchostr.ica) in which the number of appendages and the size 
of the body have been reduced and it.s segmentation obscured. 

The body is either cylindrical, elongated and clearly seg- 

• Hc*«Ulc8 tlio works of O. Fr. Mullor, Jiirino, M. E<lwttrda mid Dana 
comjmro Zudducli, De ai>o<lui cancriformui atiatome et hi»toria evolulionin, 
HorifuM'. IH41. PL (Jriilw. H«^niork»ingcn iiber dio Phyllopodon. vCrcA./fir 
Naturgeachichte. IS',:! mid P'r. Loydig. Monographic tier Daph- 

niden,'l ubiiigcn, IKOO. C. ClaiiB, Zur Kenntniea d. Bauca u. Entwick. o. 
Branchijma u. Aptta. Odltingoii, IS73. Zur Kcniitnisa d. Organisution eto. 
dor Dupimidoii, Zcil. /. wiaa. Zool. ltd. 27. Zur Keniitnias d. Banes u. <1. 
OrgmiiHatioii. <1«.t I'olyphomidon. Denkachr. Akad Wirn, Math. Nat. 
ClasHo. J)d. .37, IHH7. Bninchipus mid Artemia, Zool. Jnat. Wien. vi. 

A. Woisnimin, Nalttrgcach. d. DapJtnoideri, Leipzig, 1870-79. Grobban, C., 
PJfnbryoimloiitwi<-k. v. Moina rc-c-tirostris, Arb. Zool. Jnat. Wien. ii. 
Packard, Monog. N. Arnrr. Phyllopod Crwttacea, Wuahington, 1883. P. 
SuiiiiiHsa, Kc'iiiiblutU^r-hildung bei Ciiuloccrii, Arch. /. inikr. Anal., Bd. 41, 
G. O. Sars, Fauna Norvegiae, Vol. 1, Pliyllocaridiv and Phyllopoda, 
Christimiia, 1890. M. T. Sudler, Devt. Penilin, /V. Boaton Soc. N. H., 
Vol. 29. 1899. p. 109. Suintcr, Etitw. I.,eptodora, Zeit. f. wiaa. Zool. Bd. 
08 (1900). Lilljeborg, Clodocera Suecica, EovaActa Soc. Sc. Upaala, 1900. 
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T °f «ie skin (Branchipw!, 

Fjg. 247), or it may be covered by a broad and flattened shield 
an extension of the cephaUc integument, wliieh only allows the 
postenor part of the body to project oneovemd {Apm, Pig 248) 
In other cases the body is laterally compressed and enclosed 

by a bivalve shell from 
which the anterior part of 
the head projects (Cladocera) 
(Fig. 251); or finally the 
liead together with the 
laterally compressed body 
is completely covered by 
a bivalve shell which is 
closed by a shell muscle 
passing between the valves 
(Conchostraca). Sometimes 
the head is sharply distinct 
from the rest of the body, 
and in one family, tlie Bran- 
chipodidao, the anterior 
part, bearing the eyes and 
antennae, is diWded by a 
transverse groove from the 
posterior, bearing the other 
three pairs of cephalic ap¬ 
pendages (Sars). As a rule 
the posterior segments only 
are \»ithout appendages. 
The hind end of the body 
is often curved forwards 
and may bear two rows of 
posteriorly directed claws, 
the last pair of which arise 
at the point of the tail, 

.. 

Appendages. On the head there are two paire of antennae 
wbteh however, in the adult anunal. may L rudimen“; 
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peculiarly modified. The anterior antennae are small, and bear 
the delicate olfactory hairs. The posterior antennae frequently 
have the form of lai^e biramous 
swimming appendages, but they 
may be modified as prehensile 
organs, e.g. in the males Bran- 
chipus and its allies (Fig. 247). 

In other cases {Apus) they are 
rudimentary (Fig. 248) and may 
even be entirely absent. 

A pair of large mandibles is 
always present beneath the well a^d/ 
developed upper lip ; they possess 
a toothed, biting edge, and in the 
fully developed condition are 
destitute of palps.* The man¬ 
dibles are followed by one or 
two pairs of slightly developed 
maxillae. A kind of underlip is 
in many cases present, in the 
form of a bilobed prominence be¬ 
hind the mandibles. 




t 

4 

4 


Fzo. 248.—v^Dtra] a3p«ct of 

It ia that w>iiIa thft tlio- female, ahd.f abdominal limb# ; ant i 

It la remarRaDio that wniio tne ino *iiUiaoa ; ani.g aocond anuooa ; Ibr 

racic appendagea of the Branchiopods Ubrum : md maodjbie; mx flntiuaxUla; 

confirm iinifnrmlv tn a rommon or brood poucb; #./.r/«ut-froDUI pjAte ; 

coxuorm so uniformly to a common ,^.^/Bhell gUad ; <A./1 aod lA./thoraelo 

Md, aa it appears, primitive type of leot. (From Parker and Haaweil. aft«r 

atruoturo, the appendages about the Beroard.) 

mouth present the greatest divergence 

from that type which is met with in any g**oup of Crustacea. The absence 
of the mandibular palp in the adult is all the more striking because of iU 
ulze and frequently biramous character in other Entomostracon groups, 
the Cop^'^jods cmd Ostracods- Again, the two pairs of maxillae, which 
oven in aie Malacostraca conform more closely than any other up}>ondage 
to the primitive Phyllopod " tyi>6 of limb, are hero, in the Brancliiopods 
tliemselvee, perfectly simple lobes, and one pair is often missing. In 
adult Cladocera and in Umrutis among the Conchostraca there is onjy 
one pair, in Branchipxis the second pair is rudimentary, and in tliis genus, 
as also in Apus where two pairs ore present, they are retarded in develop¬ 
ment, appearing later then the thoracic appendages which follow them 
in position. It is interesting to note that in CyprU. among the Ostracods, 
the second maxillae are also retarded in their development. Tlie late 
appearance of the raoxillae is perhaps a confirmation of the view taken 


It is remarkable that while the tlio- 


♦ Elcman finds a vestigial palp in PolyarUmia /orcipaia (Bth. K. wendta 
va Akad. Handlingar, ^ 28 [1902]). 

z—in ® ® 
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here, that the simple condition of these appendages in the Bmnchiopods 
is a specialized and not a primitive charac ter. The small size and simple 
character of the maxillae is perhaps dependent on the peculiar habit of 
members of this genus, alluded to below, of passing tho food forwards 
along the ventral groove. 

The postcephalic appendages or feet) are usually very 

numerous in tho Branchiopoda Pliyllopoda, and are smaller to¬ 
wards the posterior end of the body. In this division of the order 
they consist, as its name implies, of flattened leaf-like appendages 
which act as swimming feet, and by the eddie.s tliey set up in 
the water assist in procuring food. They are set transversely on 
cither side of the ventral middle line, and the inner and outer mar¬ 
gins are produced into endites and exiles. In the mid-ventral 
line of tlie body, between the closely ranked legs of either side 
there is a deep groove, limited at the sides by the endites, 
and closed above by the sterna of the body segments. Along 
this groove the material containing the food is, in most if not all 
Branchiopods, passed forward to the mouth, assisted on its way 
by the movements of the appendages. It can thus be acted 
on by tlio opposed endites of the latter, set on either side. 
Tlio basal endites, and especially the first or “ coxal” endite, 
iiave accordingly the character of masticatoiy lobes, being short, 
firm and beset with coarse setae. 

There are usually six endites on a leg (Fig. 249) ; those near 
the base directed inward, and those situated distally directed 
more and more in the line of the axis of the leg, so that the 
niost distal form terminal lobes. 

The c-xites are two or three in number. The most distal of 
tliein, having in several casc.s a triangular shape, is known as 
the flahdlum. Tho proximal exite or exiles (2 in Poly- 
artama and Chirocephalm) are generally simple lobes, devoid 
of setae.* A reapiratorj'function ha.s been especially attributed 
to them, but, as the justice of tliis is disputable, the term bracts 
may be conveniently retained for them. 

It is not at all obvious how the sliort multilobed thoracic legs 
of the Branchiopoda eonfoiin to tlie biramous t^Tpe of limb so 
widely found among the t'rustacea ; and, as a fact, now one 
and now another pair of tho terminal lobes has been regarded 

• IQ ca^ where two are prosont thov appear to belong to tho two 
proximal divwions of the protopodite. 
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by difTerenfc authors as corresponding with the two branches 
usuaUy met with. By a comparison of the undoubtedly bira- 
mous second antennae with the developing thoracic legs of the 
larval Lankester * has shown good reason for regarding 

the fifth and sixth (the two terminal) endites as the homo- 
logues of th© endopodit© and ©xopodit© 
respectively. It follows that the 
fUxbeUum must be regarded, not as an 
exopodite (ifa jointed flagellar termina¬ 
tion in Limnetis notwithstanding) but 
as a distal epipodite. 

In Da'phnia among the Cladocera 

(Fig. 252) the epipodites are reduced to 

a single bract and the distal endites 

are diminished in size. The coxal en- 

dlte on the other hand is large in the 

first pair of thoracic legs, and in the 

second and third pairs it forms a great 

combliko, backwardly directed plate. 

In the Polyphemidac the anterior 

or all the legs have a cylindrical ^><> 2<9—Scwnd thoracic ifg of 
, , ® cancnt-nmi*. / flrtt. 2 

Shape, and in Leptodora no epipodite is •tcm joint: Bn i-e 

present. Konchelt and 

- Helder. afw LankatUr). 

It IS remarkable that in Apus^ which 
possesses a large number of appendages (40-63 pairs), while the 
anterior pairs correspond in number with the segments (as indi¬ 
cated by the annular constrictions and rings of cuticular spines 
on the surface of the body), being attached one to each, the 
posterior far outnumber the segments which bear them, so that 
one segment carries as many as five or six pairs of limbs. 

The central nervous system is composed of a supra-ocsophagcal 
mass connected by commissures with a ventral chain of ganglia. 
The latter in the Phyllopoda presents nearly the same simple 
arrangement which is found in the Annelida, consisting of a 
pair of ganglia to each pair of appendages (Fig. 241, D). There 
are, however, in the Phyllopoda, two transverse commissures 
to each pair of ganglia. Even A pus with its large number of 

* Q.J.M.S., vol. 21. Tho evideiico here cited, and tliat brought for¬ 
ward by Thiele (lietrachtungon iib. dio. Phylogenie dor Crustaceonbeino. 
Ztit. /, wias. Zootogie. tid. 82 (J(K)5) p. 445), who regards the flabellum 
as the exopodite, appear to bo conflicting. 
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appendages forms no exception to this rule. In Simocej^ua 
and Sida among the Cladocera the ventral chain consists of 
two longitudinal cords united by transverse commissures, and 
giving off separate nerves to mandibles, first maxillae, and the 
swimming appendages. In the adults of these genera the 
central ner\mu8 system is not more than half the length of 
the body, though in the young state the proportion is much 
greater. ♦ In Leptodora the ventral ganglia are fused into a 

common mass. The motor nerves 
to the first antennae arise from, 
or can be traced to {Apua) 
the brain, those of the second 
antennae arise from the oesopha¬ 
geal commissures, or the sub- 
oesophageal ganglion (Fig. 250). 

The Branchiopods possess a 
pair of large eyes which are 
frequently compound and some¬ 
times fused together in the middle 
line. In the Anostraca they are 
stalked and movable (Sars). In 
other forms, though superficial in 
the larva, the eye is covered in by 
a fold of skin which, growing 
from behind, forms an open {Apua 
and Estheridae) or closed (Clndo- 
cera) chamber over it (Grobben). 
In addition n .small median .simple 
CA'e (naupliu.s eye) may persist. 
Tlio first antennae bear olfactory 
papillae in the Cladocera. 

A group of seiwory hairs in front of the median eye constitutes 
the frontal organ \ and groups of ganglion colls in connexion 
with the skin are found on the forehead {Branchipua) or at the 
sides of the neck (('ladocera). 

Many meml>er8 of thr* group have the power of attaching 
themselves to surrounding objects by moans of peculiar patches 
of glandular cells situated on the dorsal surface (cervical gland), 
near the fold separating the earnpace from the head shield. 

• Cf. Cunnington, Sifnoc€i'h<ilu*, Jtn. Zeits., Bd. 37. 



Fro, 250.—nf tho brain 
of Jfjphnia Mmiiu (from 
and lloldor, after CUn.^). and 
(iUbl i f the aiiprAuOdoptiAiseal 
ItanKiicn: ttnogllon ; 

nptiC (Z^nsUon ; n nervo In *ho 
sensory ef the nock ; na' nerTv to 
1 ft antuima ; n' and na' uervra to Cod 
aoU^nna ; tc oo^^phaKoal conunlfMoire. 
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The heart is elongated and segmented in the Phyllopoda (Fig. 
247), saccular in the Cladocera (Fig. 251). Coiled excretory organs 
known as shell glands (Figs. 248 and 251, sd) from the fact 
that their coils often lie between the lamellae of the shell, are 
always present, and in the cases where the duct has been traced 
{Limnadia and Apus), open to the exterior on the posterior 
maxillae. The antennary glands, though present in the larvae 
of Phyllopods (CUaus), are not functional in adult Branchiopoda. 

Respiration is performed by the entire surface of the body 
the area of which is much increased by the reduplicature of the 
skin forming the carapace, by the foliaceous swimming feet, as 
also by their more specialized lobes, the proximal epipodites. 

Reproduction.—The Branchiopoda are of separate sexes.* The 
males are distinguished from the females by the structure of the 
first pair of antennae which are larger and more richly provided 
with olfactory hairs, or by the prehensile character of the second 
antennae (Anostraca), or (Cladocera, Conchostraca) by the 
character of their anterior swimming feet which are armed with 
prehensile hooks. In general the males are less frequently met 
with than the females, and, in some oases only at certain seasons 


of the year. 

In the Cladocera, and in the genera Apus, Artemia and 
Limnadia among the Phyllopoda, many generations consistuig 
entirely of females and reproducing parthent.geneticaUy succeed 
one another. In the Cladocera this is generaUy the case during 
the early summer. In the late summer and autumn mixed 
broods consisting of males as well as females, and broods of 
males are produced. From the fertilized resting or winter 
eggs which are now produced, the parthenogenetio broods of the 


following year arise. 

Weis,nano concludes tlu.t in the Daphnidae 
forming the life cycle in definite for each spec,os. and adapted to ,t« mode 
of life Thus in si>ecios inlvabiting large bodies of water such ns lak<«, 
many parthenogonetic female broods succeed one anolher d^ing tlw 
summer, and ip is only on the onset of cold weather m ^ 

are produced. Species which multiply m puddles on the other hand 
mnv nresont only a single parthenogenotic generation. 

^kowitech Lb rcJntly publishedJ^r^hmi,^_^cou^ 

• The statemenT^iich lias recently been made, that Apt^ 

Uatt, Bd. 25, No. 16, 1905. 
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inte^ting researches, <mdertaken with the purpose of finding the answer 

oonflif^rably from those of Weismann. Ho finds thtt when 

offspring of one parent {Simocephalus vetul^ O fT) 

mmmm 

resulting from the lower rate of metabolism. He conS^ tLt « nonri^ 
mont and temperature (the latter bv its nounsh- 

determining fetors for the orZ JZ. on nourishment) are the 

dividuaU ; and Vh™t thero is n^^^^ or disappearance of the sexual in- 
Daphnidae.” >chcal succession of generations in the 

namtd Ph^lnn!:^ - ‘he above 

named PhyUopod genera, are more obscure. The presence of 

ales in a colony of the genus .4pus is of rare occurrence Thus 
an examination of the successive generations of A 

ytrs Sr ““ consecutive 

years failed to reveal to von Siebold a single male among 8 621 

fomTid T wr'toccasiomilly 

m. L tha" the" f ™ 
are alio c rL 

Thl fell Hermanni Btongn. are unknown, 

pell Igea “hout with them on ap- 

Btage well diwelopld, t" 

a complicated metamorphosis In ,h7 

hand, whose large eggs co^! „ h 1 ‘^'“'‘ocera, on the other 

in the brood pouch of the mother"he“"‘ “"1,'“^ Protected 
form of the adult thond hatched in the 

within the egg Tlmt refm tttirough a nauplius stage 

offers howevof an ™ir:or “f ^‘PXxlor^ 

eggs develop in this manner "“hot while the summer 

fertiUzed) hatch out as nauTuus laA-arisIm.^^ 
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A few Cladocera live in the sea, but the greater number of 
Branchiopods inliabit bodies of freshwater where there is little 
or no current. Some of them are found in brine pools. 

Sub-Order 1. PHYLLOPODA.* 

Branchxopoda, with clearly segmented body, often enclosed in a flat 
shield-shaped or laterally compressed bivalve shell, with from ten 
to thirty or more pairs of foliacecrus swimming feet bearing saccular 
epipodites. 

The alimentary canal is provided with two lateral hepatic 
appendages which arc as a rule branched and racemose and only 
exceptionally short and simple. The heart is a long dorsal vessel 
with numerous paired lateral slits which may extend along the 
whole length of the body {Fig. 247). The genital organs which 
are always paired are placed by the side of the alimentary canal 
and open at the boundary between the thorax and abdomen, 
a limit which may or may not be marked by other structural 
features. In the Brancliipodidac they are simple, but in Apus 
they are racemose glands in both sexes. In the females the 
genital openings are small slits ; in the males of the Anostraca 
there are protrusible copulatory organs at the openings. 

The males may be distinguished from the females in the 
Conchostraca by the fact that the anterior or two anterior pairs 
of legs are armed with hooks, and in the Anostraca by the largo 
size of the posterior antennae, which in Branchipus and Branchi- 
necta are moreover beset with peculiar appendages. In Apus 
they are distinguished by the absence from the 11th pair of 
appendages, of the brood pouch, to be referred to directly. 
The eggs are generally protected during development, being 
carried about the body of the mother either in a projecting 
uterine dilatation of the united oviducts, at the base of the 
abdomen (Branchipodidae), which, unlike the egg-sack, of the 
Copepoda, is a cellular structure opening by muscular lips; or 
between the valves of the shell attached to filiform processes 

• Schaffer. Der Kreb»arli(jer Kieferfuss eto., Regensburg, 1860. A. 
Kozuboweki. Uobor den rniinnliehen Apus cancriformis. Arch. fUr Natur- 
gfch., B<i. 23, 1867. C. Claus, Zur Kenntnisa dea Baues und der 
Bniwiclteiung von Branchipus und Apus etc., Obttingon, 1873. 7he 
same, Untorsuchungen ubor die Organisation und Entwickolung von 
Branchipus und Artemis, Arheiicn aua dem tool. Institute, Wisn., B<L 0, 
1880. A. 8. Packard, A monograph of North American Phyllopod Crus¬ 
tacea, Wesliington, 1883. 
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of the 9th and 10th pairs of legs {Estheria), or in box-like brood 
pouches borne on the 11th pair of thoracic appendages, at the 
base of which the oviducts terminate. These are formed by 
the apposition of the dabellum and a rounded concave plate pro¬ 
jecting from the distal portion of the limb {Apus). 

In the eggs of BTanchipus the segmentation is complete at 
any rate in the early stages. The nauplius larva is charac¬ 
terized by several pecuUarities. Its body is, in Branchipm and 
Estheria, distinctly di\nded into a cephalic and post-cephalic 
region ; the upper lip is extraordinarily large ; the first pair of 
antennae is usually rudimentary and sometimes even absent, 
while the second pair is exceptionally large (Balfour). 

Almost all the Phyllopoda belong to inland waters, and 
principally inhabit shaUow fresh-water pools. \VIien the latter 
dry up the eggs lying in the dr^' mud may retain their power of 
development for years. 


Tnbe 1. ANOSTRACA. 

Body cylindrical, witliout carapace; eyee pedunculated; second 
antennae prehensile in the male; 11-10 pairs of thoracic legs bearing 
two or tliroo exiles; small paired copulatory appendages in the male; 
the femalo c^jee the eggs in a ventral egg sac in which the oviducts 
teimunute, W idely distributed in fresh and salt water lokea. 

Fam 1 . BranebIpodJdae. Abdomen distinctly segmented in both sexes, 

with pairwl caudal uppondoges ; prehensile antennae of male distinctly 
jomto<i ; 11 pairs of thoracic logs, usually with 2 exiles (3 in Chirocephalus). 
.4r/<»MaI.^ch. m salt water lakes • ; Artemiov*UOt.O. Sars ; Branchinecta 

« -7* Chiroc4ph<Uu0 Prov. ocours in 

Britain ; Bramhipodopns 0.0-8, ; Branchiopstlus O.O.S- 

am. 4^. Thamnocephalldae. Abdomen torminatea in a broad awim- 
muig pUito. Tfsamnor.ephalus Packard, N. America- 

' Poly^rtemlldae. Abdomen of female imperfectly segmented; 
p-hoa.de antennae of male not jointed ; 10 pairs of thoracic up^ndages, 

in o PoIyarUmta Fischer, with vestigial mandibular palp 

in . . /arnpata. Tundras of N. Europe and Asia and Alaska, 

Tribe 2. NOTOSTRACA. 

Shell Bhicld-shapo<l fused in front with tho head shield ; lateral eyes 


the wate^iih^hited by 7'colony '"h 

th«ir char»<.t.r» ao .h.i they 

MatfriaU for the Sttidy of Variation, 
von ArtamCfi'^V^h 7 eino neuo ini Siisswosser lebende Species 

V . M ien. 1895. p. 95. See also Saroter 

^Iteymons, Vanationen bei Arteraia salina, Abh. Akad. Berlin, 1902 
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dorsal, not stalked ; caudal fork consisting of two long jointed appendages ; 
both pairs of antennae simple and rudimentary ; two pairs of maxillae 
are present. There are 40-03 pairs of legs diminishing from before 
backwards, and fiimi8h««i with two exites; the terminal appendages 
of the most anterior pair are long and antenna-like ; and the 11th are 
modified to form round brood-pouches in the female (cf. p. 376). 

Single fam. Apodldae. Apus Schaff. without median coudal lamella. 
htpiduruB Leach, with a median caudal lamella, and larger carapace, but 
the 2 genera closely allied. Many spp. known from fresh woters in many 
parts of the world. 

Tribe 3. CONCHOSTRACA. 

A bivalve shell is present in which the whole of the rest of the body 
may be completely enclosed. Lateral eyes not stalked, approximated. 
First antermae simple, small or rudimentary ; second large and hiramous. 
10-28 pairs of post-cephalic limbs are present, of which the first, or the 
first and second pairs, are provided with prehensile hooks in the male. 
The eggs are carried between the hinder part of the body and the shell, 
attached to dorsully directed processes of some of the limb.i. 

Fam. 1. Limnadlldas. Shell compressed, marked with lines of 
growth; body elongated, with 10-?8 pairs of thoracic legs. Uvvxadxa 
Brong. ; Etdimnadia Packard ; E«thcria Riipp. ; LfpteMturia G.O.S. 

CycUstheria G.O.S. - . t i 

Fam. 2. Llmnetidae. ShoU tumid, without o( fxroutli ; houd 

very large ; body short ; not more than 12 pairs of legs. Limticli^ Ix>v<f«n. 

Sub-Order 2. CLADOCERA. Water-flea.^.* 

Small lafcralhj comi>re.%-ied liranchioj'odu, j/Vkmc hoih/, wUh the. 
exception of the Imul, uhich proprl-s freely, h usually niclmal in 
a bivalve ahdl. The seamd notenmie are ianje and are used in 
swimming, and there are four to six pairs of swimming fed. The 
epipodiles may be absent. 

The Cladwera arc amall siini>ly organized Braneiiiopodu, 
whose resemblance to tln^ larvae of the slielled Phylloixids, par¬ 
ticularly to that of Estkerin witli its nix pairs of legs, probably 
gives the best indication of the origin of the group. I'nhko 

• Besides the work of F. Leydig alrcmly quotod omparc If. 

DUrkhoirn, ” Mi'm.oiro sur los Dapbnia <le la clas.se dos < 
du Mus. d^kint. nor. Tom. V and VI. 1819 «ml 1820- 
guchichU dtr Uaphniden, Tubingen. 1H(.0. 

Cladocereme^ FortpUinlxngB hialorU, Kjbbonhavii IH(J8 O. O- 8ars. Omen- 
dimornh Udvikling samt Genorut ionsvexd bos Loptodora. Vxdfnsk. 
ifeisfc.ForA.. Christiania. 1873. p- 1. 

C. Cluiis, Zur Kcuntniss der OrganiHation. 

1870. C. Claus, Zur KcnntniBB dro iSaurB und d.r 

phtrniden. Wien, 1877. C. Grobben. ^ 

Moina rectirostris, Arbeilcn auB drm tool. InMxtui. ^ 

W. A Cunningtoii, Studion on oinor .Qapbnide, Jena. Zexts., l. a/, p. <»•»/, 
1003 
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the antenor antennae, which are ueuaUy short, the posterior are 
modified to form biramous swimming appendages beset with 
numerous long setae. The four to six pairs of legs are not always 
foliaceous swimming feet, but in some cases have the form of 
cyhn^oal ambulatory or prehensile appendages. The abdomen, 
which IS ventrally flexed, develops on its dorsal side several 



. w ,»irca e>e, sd sbeU gUnd, (After Claus.) ... 

prominences, uhicli M-^rvo *o rlnsr, ti.^ k j 

consifltfl of three free seirm t » t POuch. It usually 

portion, which is beset witT 

begins with two dorsal Uctile set le” portion 
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the middle line to form a large, continually trembling, frontal 
eye, largely developed in the Polypbemidae. Beneath this the 
unpaired simple eye, reduced in Daphnia to a streak of pigment in 
connection with the brain, usually remains. A special sensory 
apparatus, whose function is not quite clear, appears in the region 
of the neck, in the form of an aggregation of ganglion cells. 

The heart has the form of an oval sac, with a pair of trans¬ 
verse lateral venous ostia and an anterior arterial opening. Its 
pulsations are rhythmic, and succeed one another quickly. In 
spite of the want of arteries and veins, the blood, whioh contains 
amoeboid cells, circulates along definite channels in the body. 
The looped and coiled shell gland {Sd) is always present. Tlie 
cervical gland, which functions as an organ of attachment, is 
less widely distributed. The sexual glands lie in the thorax 
as paired tubes by the side of the alimentary canal. In the 
ovaries groups of four cells are separated ; in the formation of 
the summer-eggs one cell of each group, usually the third from 
the front end, becomes an ovum, while the rest are employed 
as nutritive cells for the nourishment of the ovum, which in¬ 
creases in size and absorbs fat globules. In the formation of 
the winter-eggs every other group of four cells, or a larger number, 
likewise breaks up and subserves the nourishment of the cells 
destined to become the eggs (Weismann). The ovary is directly 
continuous with the oviduct, which opens dorsally beneath tho 
shell into the brood-pouch. The testes, like the ovaries, lie at 
the sides of the intestine and are continuous with the vasa- 
deferentia, which open to the exterior ventrally by a common 
opening behind the last pair of appendages or at the extreme 
end of the body, the openings being sometimes situated on small 
slightly protnisible prominences. 

The smaller males usually appear in the autumn; they may, 
however, also be present at any other time of the year, and, as 
recent investigations have proved in a tolerably satisfactory 
manner, always when the conditions of life and nourishment 
are unfavourable (vide p. 373). Before the appearance of the 
males, hermaphrodite forms * are sometimes produced with an 
organization which is partly male and partly female. 

At the season when males are not present, normally in the 

* Compare eBpeoially W. Kurz, Ueber undrogyne Miasbildung bel 
Cladoceren, SUtungtber dtr Akad. dtr Wistentch. Wien, 1674. 
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spring and summer, the females produce the so-called summer 
eggs, which contain a large quantity of oil globules and are 



surrounded by a delicate 
vitelline membrane. 
They develop rapidly 
within the brood-pouch 
between the aliell and the 
dorsal surface of the 
motlier, and after the 
space of only a few days 
develop into a fresh 
generation of young 
Cladocera, which escape 
from the brood-pouch. 
The embryonic develop¬ 
ment takes place accord- 
ingly under extremely 
favourable conditions, 
which depend upon the 
rich supply of food yolk 
in the large eggs, and 
sometimes upon addi¬ 
tional food material 
secreted within the 
brood-pouch. 

At the season when 
the males appear, the 



•-— 


'I-—-V 

copulation, begin to pro¬ 
duce so-called winter 
eggs, which are incap¬ 
able of developing with- 

of tw. is 

are distinguislied from the summer emr-? hx- fh,.;r i. j 

“"d their formation'mUie 

^fore the eggs pass into tl.e brood-pouch, tl.o walls the 
Utter, which as above sUted are formed by the dorsal and pos- 
tenor portions of the bivalve slieU, become modified over a 


l>r.el: i-, ■" P“e . Hr 
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saddle-shaped area, the cuticle acquiring a firm consistency 
and brown colour. At the next moult after the eggs have 
entered the brood-pouch, they are contained in the shed cuticle, 
the bivalved thickened region or ephippium remaining as a 
protective case for the eggs after the rest of the cuticle has 
disintegrated. 

The Cladocera live for the most part in fresh water, and 
certain species inhabit deep inland lakes. Others live in 
brackish water and the sea. They swim quickly, and usually 
with a jumping movement. Some of them attach themselves 
to fixed objects by means of the dorsal “ cervical gland ” (p. 372). 
When the body is thus fixed, the swimming feet are able by 
their rhythmic movements to set up currents in which small 
food particles are swept towards the animal. 

Fam. 1. SIdidse. Heart elongated. Gut straight. 6 pairs of einiilar 
lamellate legs, with well developed epipoditos. Latona Straus, Daphnctla 
Daird, Penilia Dana, Limnosida Sars, Sida Straus, with largo cervical 
adhering apparatus. Holopcdium Zodd., 2nd untemieie unbranehoil. 

Fam. 2 and 3. Daphnidae and Lynceldae. Heart shortly oval, gut 
with a direct course in Daphnidae, coiled in Lyncridae ; G or (i pairs of 
limbs, the lamellar character and thu branchial appendages bt'ontning 
more developed from l>cforo buckwanis. (Daphnidae) llyocryptu^ Sars. 
AcanthoUberis Lilljeb. ; Bo/imina Baird, anterior antenntie long, a sixth 
(rudimentary) pair of logs is present; Drepanothrix Sars, Macrolhrix 
Baird, Lathonura Lilljeb. ; Moitui Baird, anterior antennae largo and 
prehensile in the i of M. paradoza -, ScaphoUberia Schodl., Ceriodaphnia 
Dana, Simocrphalug Schodl. ; Daphnia .Miill, the lieod shield not separated 
from the shell by a groove (Fig. 251). (Lyniceidae) Euryccrciui Baird, 
with 6 pairs of legs, Camplocercua Baird, Acroprrus Baird, Atonop*is 
Sars, Alojia Baird, Phrixura Mull., Pleuroxxta Baird, Chydonu Leach, 
Monopnlus Sars. 

Fom. 4. Polyphemldse. The shell does not enclose the Iwdy and legs 
as in the other faiiiilios of the Cladocera, but is small and usually only 
contains tho brood chamber. Head bluntly rounded, with very large 
coiApound jyes. Logs slender, distinctly jointed, branchial appendages 
rudimentary. Marino and freshwater. Podon LiUjob. and Et'oelnc 
Lov6a with 4 pairs of short legs crowded together. Abdomen rudi¬ 
mentary, covered by the shell. Polyphemus MiiU, and Bythotrephes 
Lilljeb. The second antennae, four pairs of logs, and the al)domen are 
much elongated. The logs with rudimentary branchial npi>oiidago». 
Ltptodora LUljeb. The head and posU-rior part of tho body elongated 
and the latter distinctly segmcr'od. Tho 0 pairs of cylindrical unbranchod 
legs on tho contrary are orowdod together, tho anterior pair being long. 
Ist antennae long and comb-like (sensory) in the . 2nd anteima large, 
with stout basal joints. Tho summer eggs develop directly in tho brood- 
pouch into the form of tho adult, but tho (fertiliied) winter oggs liateb 
out u naupHus larvae. Kr. w. takas of N. turopo. 
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Order 3. Ostbacoda.* 

SmaU, lumdUy lateraUy compressed Entomostraca, with a bivalve 

sheU and usuaUy with seven pairs of appendages, which serve as 

anteny^, jaws, creeping and swimming legs. There is a large 

mandtbular palp, and a short abdomen ending in a simple plate 
or a cavdal fork. 



b**"*'- ngh. i...,». 

4 nuQdtbJ**; 5 oiAndilulAr daId - « Tu MUnM; S posterior sotonns; 

sppendi^j^es; 10 ceud^ fork-^ 11 ovaA”' ^ jccottd mexUU; 6 eod 9 thorscic 

J?...!, irauuwuric, 11 o\ftn . 12 edvBn^^,.a /.V. 18 buDdiM ot fibres of sd- 

.l.k .A 


.ppond^««;’ lOwud^i rrk - l l’ovar^^ 7 jccoDd m.xilU; 8 Md 9 thor*ck 
duck.! muMlo ; Uui’iwrUD- f.?®''* • ** *>uDdlBi or fibre* of »d- 

<*«!o in tbe loji of tbi^iSioU^^loi ^*ec*l djvertlculom ol the le/t aide 1* 

(iLfter O. o. Sari) "• Poln*« » Uttle below tho ioteetloe. 


The h^y of these emaU Crustacea is unsegmented and is 
completely enclosed in a bivalve sheU, which gives the animal 
a resemblance to a mussel. Tlie surface of the sheU may be 
smooth, or vanourly sculptured, or beset with setae. In the 


compa.-» W. lonW^Mon”I,™'j Lilljeborg. Baird and others 

1864 a O. Sara OvoS'af re /■ ^a'«r 5 «r 6 .. XX, 

Fork. ChrMiionia, is^O. (f Ctlu^"S';r I"""'® Ostr^oder, Vid. Sd,k. 
vnchlungfge^ch. v. Cuvrif XferV ' d. Oarracoden. Ent- 

oilaruischcti Oceatw uuJ^ Halocypriden des 

d. SiiBSwaBsero^ ^odon 1 and TT I 'h '""P’ - KermtniBS 

O. B. Brady. A monoKrinh of th- r ^ ^ - and 1896. 

5oc., London, XXVI ’08 Id rt Trans. Linn. 

Kaufmann, Bedr z ’ d Pw *880. A. 

1886. O. Nordqvist, Beitr. z. Ke'nntni^w’^H^''"’ Suuse, iii, 

leohtaorgane d. C>T>riden Act W sv ^ *"nert*n monnlichen Gesch- 
G. 8 . Btndy and A^M NorS^, ‘moJ" ";*■ HeUingfors. 1885. 
Ostracoda of the N. Atlantic and of N U' r * ^ Marine and Fresh-water 

R. Dublin Soc. ( 2 ) vol 4 (1889) n 6i a n ^rans. 

aol/« V. tVarpet! /xaplee 'Mono^ph No 2 

Unde Suaewaaeeroetracoden. Zoologica. 1000.' Geuteoh- 
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Halocypndae it ia richly supplied with glands. The two valves 

together by an elastic hgament along the 
mddle third of the back, and the action of this ligament is opposed 
by a two-headed adductor muscle, which passes from one valve 
of the shell to the other and causes impressions discernible from 
without (Fig. 253, 13). The tendon common to the two heads 
of the muscle lies nearly in the middle of the body. The edges 
of the valves are free at both ends and along the ventral side 
^ the free-swimming marine Cypridinidae (Fig. 254) and 
Halocypridae there is a deep indentation in the edges of the 
valves, to allow the antennae to pass out. When the valves 
of the shell are open, several pediform appendages can be 
protruded on the ventral side, which enable the animal to 
move in the water either by crawling or by swimming. The 
abdomen can also be protruded ; it eitlier ends in a caudal fork 
{Cypris and Cythere), or has the form of a plate armed with 
spines and hooks on its posterior margin {Cypridina). 

Appendages.—Anterior antennae, uniramous. 

Posterior antennae, biramous. 

Mandibles, with a usually biramous palp. 

First maxillae, usually jaws (in Polycopidae short bira¬ 
mous logs). 

Second maxillae, jaws, maxillipeds, or legs. 

Sixth pair of appendages, jaws, or legs, or 0. 

Seventh pair of appendages, legs, or specially modiBed 
or 0. 

Eighth pair of appendages, represented by the brush- 
8ha[x$d organs in the males of Podocopa, by the penis 
in Cypridinidae (Muller). 

The two pairs of antennae are placed on the anterior region 
of the body (Figs. 263, 2 and 3, and 264, A', A"), and are used as 
creeping or swimming legs. In the Cypridinidae and Halocy¬ 
pridae the anterior pair is provided with large olfactoiy hairs. The 
second pair of antennae are generally the most important organs of 
locomotion. In the exclusively marine Cypridinidae and Halocy¬ 
pridae they have the form of biramous swimming feet, and 
consist of a broad triangular basal plate, a many-jointed exoj^te 
beset with long swimming setae, and a reduced endopodite, 
which, however, is stronger in the male and furnished with hooks 
of a considerable size. The Polycopidae have the two rami 
approximately equal in size, while in the other families the 
endopodite is the principal ramus, the exopodite being reduced 
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or absent altogether (G. W. Muller). In these (Fig. 253, 3) 
the appendages resemble legs, and end with strong hooked 
bristles, by help of wliich the animal can attach itself to sur¬ 


rounding objects. 

In the region of the mouth, beneath and to the side of a toler¬ 
ably large upper lip, there are two mandibles usually with a 
broad and strongly toothed biting edge. In one division of the 
Ostracods—tlie Myodouopa—the mandibles have the form of 
legs rather than jaws. In the G^'pridinidae even the masticatory 
prooess on the basal joint may disai)pear, or be represented 


by a small setose lobe (Fig. 254), wliile the palp has the form 
of a strong leg. In the otlier division, the Podoeopa, tlie palp 
though still pediforrn has more moderate proportions, and 
may be bimmoua (Fig. 253, 5). In e.xceptional eases {Paradoxo- 
the mandiVile.s are stvliforni and are enclosed in a 
flur tori.'d probo.scis formed from tlie upper and under lips. 

The a])})endages wliich follow the mnndible.s are very vari- 
ouhIv tiiodifu'd in the difleri nt families of Ostrncods in relation 
to Itu* fuiiifion of mn'^tiention, <ir to locomotion or to lioth 
ciiiiihi'icd. The fonrl/i pair, or maxillae, are jaws in all 

c\'c[i{ tlf ■entail faiiiily l^ily npiibu*. whetc tlicy liave tJic form 
‘4 slioil leg-l arn ing a flislimd «>utiT ramus. In the Podocniia 
il-cy carry a hir^o '•omh-liko scti>-' j)la(»‘which by its move- 
nv ut pio:ii>a' -< the pro'T.*> ' f ri -}.ir.iii>>n. though it doo.s not 
it-Jclf (let as a L'ill ( Fig. 25 :{, (>). '('hr .seeDtnl maxillae {fifOf i>air) are 
ju\'.-lik4' id the ('yjiricitiid •«> ui<l <^-arrv an eiu>rn\ous ro-piratorv 
jilatr t . Jot’ lu I Tah »\ pi ida«‘ and ''-.priilae tlicy have 
.an inlci ifM-di.iti iliarirtci I). iue<*ri j.a\\'* .and loconiotorv limbs, 
the l a.-nl i<iint hclic.^ 'ti.m .n.d -•aiiainga ic>plrat«»r\' fan (small 


hi ('t/jiris-, .Old i}m- lud'i'-.iin f'.lining n jointed appendage 
diri'ctcd l>;u-h^\•a^<ls 'mni in and ]*i‘*>\iiied with .stiff elaw-likc 
setae, in tic ('ytiicti h ^\-l|n|•■ .ippciulage is im're .slender 


and Icgdikc. In the t‘ .1\'. ip;ilie, whi-n* tlii.s i.s tli<* la.st pair 
of a]ijH iid ./•‘s. they ;.rc sh c r ;nid h-g-liko, and carry a respi¬ 
ratory frui. 

The ajijMTidnges i f the -...(ii p,iii .ire agnn jaw-like in tlie 
C^'pridinidae, in th'* (’sin ul ic and C'\ tiu. rul.ie tlnyv are leg-like, 
while in the Halocypridae they haw an intermediate character. 
Tlie seventh pair are Irg-liko in the ( '\-juadac and (’vtheridae. In 
the former family they occupy a peculiar position (Fig. 253, 9), 
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tin iK'd upwur(?.s and biu*k\vards over the hind part of the 
body and cany a Imisli of si tae at llic end. In the Cypridinidao 



Fid. 254.— Cyphdina ^diUrranea. a finale. finti and second anteDoaa; 

Z*' Arst and sccooO thoracic \e^a\ Pu caudal fork; O brain; U heart; M itom- 
nch; Md! mandibular palp; Mi* drat maallla; i/x' second inaalila; O eye; O ud* 
palrod <‘ve; copuUtory organ; 51/ adductor muscle; Stt frontal organ; T Uatli* 
(After Claus.) 


(Fig. 254, F”) tills pair of appendages is long, cylindrical and 
niany-jointed ; they also carry a terminal brush of setae, and as 
z—ni 


o o 
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in the C>T)ridae are directed upwards over the hind part of tho 
body and bencatli the sliell. In both fa.nilios tliey probably 
have the function of keepiiii; the hinder part of the interior 
of the shell clean (Putxfuss). In the Halocypridae these ap¬ 
pendages are represented by long slender flagella. 

A pair of short and stalked “ brush-shaped organs ” witli 
sensory functions, which are present in the males of the Podocopa, 
are regarded by Muller as the representatives of an eighth pair 
of appendages. In the Cypridae and Cytherellidac they lie 
behind the seventh, but in other Podocopa they are situated 
in front of them. In Uie Cypridinidac they probably enter 
into the formation of the penis (Fit:. 251i;, P). 

Tho nervous system consi.sts of a bilobed cerebral ganglion and 
a ventral chain with closely approximated pairs of ganglia. A 
suhoesophageal mass supplies nerves to the mandibles and first 
maxillae. 

Sense organs. In addition to the olfactory hairs and bruah- 
rthaped orgari-^ ” already nienlioncd eyes are generally present. 
Except in the Halocypridae tlie unpaired or naupUus eye is 
present, consisting of a ventral median and two lateral elements 
wliicli inav he unit.al in the middle line or, as in some Cope- 
polls, (jiiitc fli.stinct. 

In t hr ( \ [)Ti<linidae {Fig.‘254, there is in addition a pair of 
I iitinjoiual lateral eves eonsi-Jting of a number (4-50 or more) 

of separate elements. The 
Ha)ocy)iridae and Pol.v- 
copidae are without eyes, 
in the Cvprinidae a peculiar 
nic'lian. rod-.shaped organ, 
the frorfal process (iS/z) pro* 
jeots forward, ill the neigh¬ 
bourhood of the nauplius 
eve. 

A 

Alimentary canal. The 
inoutli, wliich is frequently 
{Cijpris) armed wit h 
toothed lateral bands, It-.td.s tlirough n narrow oesophagus 
into a dilated eropdik*' portiori of tin- aiiinentarv canal (Fig. 
255), which in Bairdm i-; ilevcloj>c({ into a regular mastica¬ 
tory mill. This is followed In* a bioa<l and long stomach pro- 



D Ini* siHb'. fUo t fho ^Ill'll 
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vidcd with two long lateral hepatic tubes (L), wliich may project 
between the lamellae of tlie slicll. Tiie anus opens near the 
base of the abdomen either dorsivl or ventral to the caudal fork. 

A saccular heart is present in most Myodocopa on the dorsal 
surface, where the sliell is connected with the body. It is absent 
in most if not all Podocopa. The function of respiration is 
performed by the iimcr lamella of the shell, as well as by 
the whole surface of the body, over which an uninterrupted 
current of water is maintained by the swinging movements of 
the fan-.shaped setose plates. There are no true branchiae 
c ii the appendages, but in some Cypridinidae there is a double 
row of leaf-like branchial structures on the back, near the last 
pair of limbs. 


Two 8ut8 of glaiiilnliir structures wliit-li uj>pcnr to correspond with the 
cxrrcU>rtj ortjnnn of othor BiitoinostriM^a aro drscribed by Claus. An 
oxtonsivo p:lnnc]» sorMliiig a process l>ot%vooa tlio larnollao of the ehellp has 
boon train'd into tlio ))aso Uio postorior nntcnrmo^ though the opening 
was not doUx'tod. SnudlcM* gbuuls opening on the basal joint of tho 
socond iimxilluo corrospoml with tho slioll glands of other forms^ though 
in the Ontrai'otls they do not extend into tho sholl. Tho so-called 
driiMcn of tho Cythoriilao u'liic*]i opi>n on tho olungated oxopodito (vido 
infra, Cytlioriclao) of tho soc'oiid unt<*nnu boiong* apparently^ to the 
category of outanf'ouK glands. 

Generative organs. Tlie soxo.s are always .sei>arat« and are 
distingui.Hhed by w<*U-maikcd diiTercnces in structure. The 
males j)os,seHS aj)plia»iccs on dillcrcnt appendages—in Cypridina 
on the second antennae, in Cypris on the maxilHped—for holding 
tho females ; or a pair of legs (the first thoracic) may be 
modified for this j)urpose (Halocypridae). In addition a large 
copulatory organ, often i)os8essing a complicated structure, 
is always present. It is, however, not homologous in the 
several families, as will appear below. In tho Cypridinidae 
tho testes arc 8im])lc rounded bodies and the vasa deferentia 
run directly to a median 02 >ening common to tliem both just 
in front of tlio anus. A jjair of appendages situated on cither 
side of the opening and probably representing tbe brush- 
shaped organs of some of tJio Podocopa is, in this family, 
modified as copulatory organs. In the Cypridao there are 
four elongated or rounded lobes of the testis on either side, and 
tlic vasa deferentia aro connected by a canal passing from 
one to the other, wliich may be of groat length and thrown 
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into complex folds. The part of the vas deferens nearer the 
opening has a chitlnous wall, and at its commencement a 
peculiar ejaculatory apparatus is situated which in the fresh- 
water forms is a large and complex organ. This was formerly 
known as the ** mucous gland.” At its termination the vas 
deferens traverses the corresponding half of the (paired) penis, 
the end of it being protrusible. In Halocypridae and Poly- 
copidae the penis is traversed by the vas deferens but is single, 
and situated to one side of the middle line. The spermatozoa 
are very long in some species, in Pontocypris monstrosa they 
are, according to Muller, 5-7 mm. in length, or 8-10 times as 
long as the body of the animal. The female of Cypris 
possesses two ovarian tubes which project between the la¬ 
mellae of the shell (cf. Fig. 253), two receptacula seminis, find 
the same number of genital openings at the base of the abdomen. 
As in the Copepoda the receptacula seminis are often provided 
with two ducts ; one by which the spermatozoa arc introduced, 
and the other communicating with the oviduct. 

In addition to the se.^ual characters noted above differences 
in the shape of the shell, and the richer endowment of tlio 
male with sensory organs may be noted. 

Development The greater number of Ostracoda lay eggs 
wliicli they eitlier attach to water-plants {Cypria) or, os in 
Cypridina. carry about with them between the shell valves until 
the young are hatclied. Parthcnoycncsis has been recognized as 
cccuning among the C^’pridae by Weismann and by G. W. 
Muller. According to Woltercck * it is, in some species, of the 
kind found in tlie Daphnidae, in which a number of partheno- 
gcTietic generations succeed one another during the summer, to 
bo followed in the autumn by a sexual generation. In Cypria 
repUiTia however the sexual generation has never been seen. 
Cultures of this species have been under observation for eighteen 
years in the Freibvirg laboratory, yet a male has never been 
recognized. 

The free development of Cypria consists of a complicated 
metamorpliosLS. The larvae, wdien liatched, possess, like 
nauplius larvae, only three pairs of appendages, but they are 
strongly compressed laterally, and are already enclosed in a thin 

• R. WoUereck Zur Bildiing und EntwickoUing d. Ostrakoden Eioa, 
Ztit. /. w/m. Zool., Bd. G4 (1808), p. 50G. 
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bivalve shell (Fi^. 250). In the marine Ostracoda the develop¬ 
ment is simplified so that the iiicLiimorphosis is entirely absent. 

The Ostracoda feed partly on animal 
and partly on vc 4 etablc matter. 

Numerous £o.s.sil Ostracods are known 
from almost all formations, but only 
the remains of their sliells are pre¬ 
served. Tliey abounded in the Silurian 
seas and attained there a much larger 
size (90 mm.) than any known existing 
genera. The d(.ep-sca exi>editions of 
lectuit yearn have however brought to 
our knowh^dgo the large free-swimming 
Cypridinid Oujanlocjjvris (q.v.), which ajt sheu’muscif. 

attiiiri8 a length of 23 lum. # t^i n ^ 

OHtnvcodH rosoinblo one or other of the groups o ly op 
in the following features —the bivalve shells closed by an 
a<lductor muHclc ; the saccular heart, situated m ron o le 
point of reflection of the shell ; the presence of compound eyes 
in the Cypridinidac ; the large setose plates attached to some 
of the postoral ap|>cndage,s ; the large upper hp of the nauphus 

larva and the retarded development of tlio ^ 

On the other hand the highly specialized condition of th 
mouth parts of the adult Phyllopoda the a sence o e 
mandibular palp and the reduced maxillae—finds no P^^a « 
in the Ostiacods, for in these the mandibular palp is more Icg-hk 
in ebaroctor than in any other group of Crustacea, and the same 
is true, though in a less degree, of both maxillae. In ass^iation 
with these apparently primitive features in the Ostracods we 
may boar in mind the leg-lUcc character of the sccon an 
noc, and in the Myodocopa. of the mandibles, though these 
may very possibly be adaptive features. The presence of a 
bivalve shell in the nauplius larva is another feature m which 
the two groups stand contrasted. 

Sub-order 1. MYODOCOPA.* 

The shell is notched in front to give play to the antenna. 
The basal joint of the second antenna is usually wide, and the 

• The naino Myodocopa (wuiiJi)* muacular, wh!^ 

in alluHion to U>o expanded muacular base of the second antonn*. which 
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many jointed exopodite is the longer of the two rami. Tlie 
mandibular palp is long and pediform. A respiratory plate is 
absent from the first maxilla, but present on the second. The 
halves of the caudal fork are plates bearing spines along their 
margins, gradually increasing In size towards the terminal 
extremities of the plates. 

Fam. 1. Cyprldinidae. Shell hard, the notch for the antennae 
situated at or below the middle of the dorso-ventral extent of the shell. 
First antenna strongly flexed at the articulation between the basal joint 
and the next. Mandible without a regular masticatory process, this 
being represented by a small lobed setose plate connected with the basal 
joint. The large 4-jointed pediform palp bears a small exopodite. The 
throe following appendages are all short and more or loss jaw-like and 
aggregated about the mouth region. The 7th is a many-jointed worm- 
like structure, the end beset witli bristles. Generative orifice single and 
median. In the male the copulatory organ consists of a pair of structures 
probably representing a pair of appendages, which arise on either side 
of the orifice. A heart, two large compound eyes, together with a 
median eye and rod-like “ frontal organ,” are present. Cypridina M. Edw. 
(Fig. 254), Bomo spp. phosphorescent. Pyrocypria Milll., Croasoplioruf 
Brody, OiyanU'tcypria Miill., Q. Agasaizii, obtained by U.S. ss. ** Albatross " 
and since by the " Valdivia,” is probably a free-swimming inimbitunt of 
deep water. It is nearly globular in shape, orange in colour, and pro¬ 
vided with a pair of rnotbor-of-pearl like plates over the eyes. It attains 
a length of 23 mm. Philomedcs Lilljeb., Pacud<yphilomed€9 Mull-, Cylin- 
droltbtris Brady, Saraiella Norm. 

Fam. 2. Halocypridae. Shell caleified ; the notch for the antonnoo 
situated above tho middle of the dorso-yentral extent. Numerous uni¬ 
cellular glands, opening on the surface, are present along tho margins of 
tVie sliell. Mnnrlible with woll-dovelopoil mostieatory process. Ist max¬ 
illae jaw-like ; 5th pair of appendages (mx. 2) with a bnckwardly directed 
endopodite, and a respiratory fan on the protopoilito ; tho sixth are 
leg like : while tho seventli are slender, dorsally directed structures Is’iiring 
a few bristle's. Tho va.sa deferentia imito in n duct traversing the penis 
wbiih lies on the right of tho middle line. A bfiirt ami ” front.*! c»rgan 
are present, but eyes ari> ub.seut. IVlagii’. ThaiimnlocypriM Mull., 
Conrho*cia Dtina, Haloci/prift Dufia, Erironr/»<>ffMull., Archii'onchoccio 

Mull. 

Fain. 3. Polycopldao. Tho bul\i*s of llio shell arc rimnd <*r oval, 
attd the antcniutry notch shallow or absent. Secoml antenriao with a 
coiriparati\elv narmw basal joiiit, an<l appro\iinat«'!y eipial rami. Mumlible 
with a weak mastirutory process. TIio fourth pair of appendugt« (inx. 1) 
*»re not iiui-t ieatory and bear a well-iK'\ eInped oxopodito ; the fifth (which 
is also tho lusl pair) are short ami carry a large respiratory bin. Tho penis 
is nuirkt'dly misyminolri<’al. Heart, •■ye'* and frontal orgjm are ahst'iit. 
Minute tistracoda living at the bott»>in ,->f tlio sea. Polycope Siua, Poly- 
co}‘»i8 Miill. 


is here a Hw imining organ and. as in some ulher Fnfoimistraeu, ««no of the 
|)rinfij>al organs of locomotion. In the l‘oUuc*.ipu theso uppt'ndages aro 

iog-hko. 
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Sub-order 2. PODOCOPA.* 

The shell is not notched in fronts and, in accordance with the 
creeping habit, is flattened along the ventral border. The 
second antenna articulates with a prominence at the side of 
the upper lip. The endopodite forms the strong leg-like ter¬ 
mination of this appendage, while the exopodite is short, and 
generally much reduced. The mandible has a short palp 
which may be biramous (Fig. 253). 

Fam. 4. CypHdae. Shell generally not sculptured. Tlie endopodite 
of the second antenna is strongly flexed on the basal joint and temxinates 
in strong claw-like setae ; the exopodite is reduced to a small scale. The 
fourth pair of appendages (let maxillae) is jaw-like, having masticatory 
processes from the basal joint, a short palp and a large respiratory fan 
(epipodite). The next pair has a masticatory process and a respiratory 
fan on the basal joint, a short exopodite direct^ forwards and a longer 
claw-like endopodite directed backwards. The latter is modified as a 
prehensile organ in the male. The sixth pair is long and pediform : the 
seventh, is also pediform but slender and directed dorsally. The halves 
of the caudal fork slender and rod-like, bearing setae at their ends, or 
reduced. There is no heart. The testes and ovaries are partly contained 
between the lamellae of the shells. In the males a peculiar ejaculatory 
apparatus formerly known as the “ mucous gland.” invests the vas 
deferens near its termination. The grenUT luunber of species live in fresh 
water. Notodramae Lilljob., with the three parts of the median eye 
widely separated, Cypris Miill., Stenocypria Sars (Fig. 263), Poniocypris 
Bars, Pontocypria Miill., Ilyodromua Bars, ArgiUoecia Burs, ParacypriaStiTS, 
Candona Baird, Macrocypria Brady, Agtaia Brady, Goniocypria Brady, 
MtUxcypna Brady. Neaidea Costa. 

Fam. 6. Balrdlldae. A email group of marine Podocopa with char¬ 
acters intermediate between those of the Cypridae and Cytharidoe. The 
shell is frequently much arched dorsally and the two halve® ore unsym- 
motrical. The crop forms a well-developed masticatory mill. Batrdia 
McCoy, Dythocypria Brady, Anchiatrochclaa Bnuiy and Norman. 

Fam'. 0. Cylhsrlda®. Shell strongly calcified. Sc'cond antenna like 
that of the Cypridae, but the exopodite is an elongated and slender organ, 
bent at th^' tip, and perforated by the duct of tho largo uniceUulor 
“spinninj.- gland,” tho secretion of which is, according to Muller, spread 
os a wob of ^fibres over surrounding objects. Tlie fourth pair of appendacoe 
(inx 1) has a masticatory function, but tho three following are exclusively 
locornotory. Divisions of tho caudal fork small and weak. Tlioro is no 
heart and neither tho testes nor ovaries extend between tho lamellae of 
tho sholl. AH tlio species are marine. Cythare O. F. Mull.. Eucythtra 
Brody Cythtreia Burs, Cytharidtia Jones, CytharcHa G. W. Mull., Micro- 
cylharura O. W. Mull., ('ypridaia Jones, Krithc Brady, Crosskoy and 
Hol>ortson, CylheropUron Bars, Loxoeoncha Bars, Paeudoloxoconcha G. W. 
Miill., Cyt'fiarorna O. W. Midi., Xaatoltheria Bars, MicroxealoUberia G. W. 
Mulh! Pararythfridai G. W. Mull., Polychalea Brady, Cylharura Bars, 


^ Sec footnoto on p. 389. 
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Eveytherura G. W. Mull., ScltrochiliM Sura; Cytherois G. W. Miill.. tlto 
membere of tliis and the two followinp goncrn )mvo Bxictorinl niontb ports 
and live on the juice* of water-plants. raradoxostowio Fisi-h., Para- 
cytherois G. W. MuU.; Microcythcrc G. W. Miill., Dythocythrrc Surs, 
PseudocytJure Sara, Paracylhere G. W. Miill., Jonatia Rrady, .^ommnia 
Brady, Limnicyihere Brady. 

Fam. 7. Cytherellidae. This family, consisting of the single mnrino 
genus CythereUa Bosq. apparently represents a primitive form of the 
Podocopa. The regularly arranged thickened bands in the hinder part 
of the body give rise to a suggestion of segmentation, but this appears 
not to correspond with the segnjentation indicated by the liml)s. Thi» 
outer ramus of the 2nd antenna is larger than in otlier Podocopa, and 
the brush-shaped organs of the male, which probably represent an eighth 
pair of appendages, are situated l>ehind the lost pair of liiidis. The 
divisions of the caudal fork are lamellar and fringed with stout hri.sthvi. 

Fam. 8. Darwlnulldas. Tliis consist* of a single fresh-water specie* 
Dartrmida gtevenaoni Brady and Robertson. l*ho anatomy is not com¬ 
pletely known, but the species appears to bo allied to the Cypridoo. 


Order 4. Copepoda.* 

Eniomostracn with elongated, usvaUy well segmented body, without 
shell-forming reduplications of the skin, and wdth hiramous swim¬ 
ming fect.-f The abdomen is without appendeges, and the eggs are 
usually carried by the female in single or paired sacks attached to 
the anterior abdominal segment. 

The order eonsiata of a very large number of species of small 
active free-swimming Crustacea, and of a variety of forms wliich 
have to a large e.xtent lost their power of free locomotion and 
live as external par«T.si(es on other animals. VMiilc many of the 
latter present no great departures from the type of structure 
met with in the free-living groups, in otlmrs the Copepod and 

• O. Fr. Muller, Eniomostrara ttrxi Iiuicctn UMatta^ quae in aquis DanuMC 
if Non'*gui€ reperit^ dtscripi^it^ Lips<iao, 17H5. .Jurino, HiMoirc MonocUSf 
Gdnovc, W. Lilljebfirp. l)e cruj^tocfis tx ordinihxis tribxis: Clado^ 

C4ra, Offtra'-oda ti Cop^t»odn^ in Scania occur rent Lund, 1853. C, 
ClauH, Die /rcilebcndefx Copepoden^ Leipzig;, IS03. C. (Jrtd)bon, Dio 
Entwickolun^Hgesrliichte von OetuvhilaH sopt^ntrionalift. Arb, dai ZooL 
Wien., Tniu 3, 1881. C. C’laiis, IVbor dio Maxillarfiie^^o dor 
Copopi'den etc.* ihxH. 11, Heft. 1 (1805). M. H. Hart op. The Morphology of 
Cyclopft, etc., Trori^. Linn. Soc. Vol. V. pt. I. p. I (188H). \V. (!io^»hrecht* 

Die Copt'puden etc.. Fnttna and Fhra dcft wn NccipeL 

1892. Asterocfioridae, Hd. 25, \HW. (hard, Sur to paraHitisnio 

dc8 Mon^tnlliilae, Rnulu^, T. 123 (1898), p. K38. MaUiquinp 

Le partisiti^nio t^volutif dea Monstrillulao, Arch. Zool. exp. (3), T. 1>* p- 
81. ilnnsvn^ Chonioftfomatidac, C'openliay»*n. 

t Tho name Copopoila has vofvxxmvo to the oardike character of tho 
dividiond of the Bwiinining foot in the frro*li\‘in^ forms. 



COPEPODA. 


303 


indeed the Artliropod char¬ 
acter is entirely masked in 
the females, tlic bodies pre¬ 
senting an ungainly and 
monstrous appearance with 
little indieation of limbs or 
of segments. The males of 
these species are however 
of more normal structure 
and the affinities arc always 
clea.rly indicated in the 
characters of the young. 

The free-swimming forms 
superficially resemble tlie 
macrurous Decapod Crus¬ 
tacea in tlie general contour 
of their body (Fig. 257). 

Tliis coosi.sts of a more or 
le.ss oval anterior portion, 
including the rephalothorax 
and a number (3-5) of 
movable thoracic st*ginents, 
bearing swimming feet; and 

. Fri. 2S7.—Keniato of i'prlopf coronaiu$ s«en froro 

of a narrower posterior por- tlic dorwal eurface (after CUun). A\ A* iho 
. , . 1 * 1 * anterior ao<l poalerlor antennae; D aUmen* 

tion, tlic abdomen^ which is Ury eanat; OrS egg aackj. 

without appendages. It 

ends in a caudal fork, consisting of two lateral processes, 
beset with setae. 

The first abdominal segment carries the generative orifices. The 
hind part of the body is generally divided oil by a constriction which 
in some forms (Gyrnnoploa) lies behind the last (5th) thoracic segment, 
but in others (Cyclopidao, Harpactidoe) in front of it. The region bo* 
liind the constriction is culled by some authors the uroaome. In the latU'r 
case the lost thoracic segment is included in the urosonie. In tl»o 
former the urosome is identical with tho abdomen. 

Tlio cophalothorax and tho anterior free thoracic segmonfa 
aro produced laterally, in Cyclops, into low pleural folds (Har- 
tog). In female Notodelpliyidae (q v.) a dorsal brood sack 
is formed in tho thoracic region. 

In tho free-swimming forms the number of segments of the 
body, as indicated by paired appendages or by the joint ing of 
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the cuticular skeleton, or both, 
is fairly constant, though depar> 
tures from the usual number are 
frequently met with, especially 
in the abdomen, and the number 
may differ in the sexes of a 
single species. 

The cephalothorax terminates 
in front in a yentrally directed 
pointed or forked rostrum. It 
bears two pairs of antennae, 
mandibles, two pairs of maxillae 
and a pair of maxillipeds. Pos* 
tehorly it may be distinct (some 
Calanidae) 
from the 
second tho* 
racic seg¬ 
ment (Fig. 

260), but 
generally 
two a n • 
terior tho¬ 
racic segments are fused with the head. 

Behind the second come four other tho¬ 
racic segments, bearing swimming feet, 
but tlio two last may be fused together. 

In the females of many Calanidae the 
sixth thoracic feet are absent, and in the 
Cyclopidae and Harpactidae they are 
rudimentary, the segment to which they 
belong being included, as we have seen, 
in the uroeome. 

From the early investigatioa of Claua into 
the anatomy and development of membors of 
the Cyclopidae it woe concluded tliat tho two 
pairs of appendages following the first mnxilloo 
ore not two pairs but tho inner and outer 
di\'isionB of a singlo pair. It was pointed out Fio-2S9.—MoutL parta of Cy- 
that though in tho majority of Copepoila they 

are inserted separately on the body» in Cyclops spp^ndss^); M oMn* 

their bases are actually united (Fig, 259). Tl.is (titer 



Fia. 2S9.—Ao soUrtor sntsnns ol the 
mslo wrulolia (4lt?r CUoi), 

8t ollsctoiy orgaoi, U onuicloa. 
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vjew was resisted by Hanson and by Giesbrecht, and was finall y aban¬ 
doned by Claus himself.* 

It has boon shown that in tho larval liistory of members of the Cala- 
nidao (Fig. 203) those two pairs of appendages ore not only separate from 
thoir origin, but that a segmental furrow of the body lies between them— 
which is, in fact, the division between head and thorax—and that there 
ore distinct ganglia correspond¬ 
ing to them. It is clear there¬ 
fore that the approximation of 
these appendages found in Cy¬ 
clops and its allies is a depar¬ 
ture from the more generalized 
condition found in the Calan- 
idae, a conclusion which is 
bomo out by a general view 
of their roliitionship. We are 
now, therefore, able to name 
the anterior pair (the inner in 
Cyclop*) second maxilla, while 
the posterior (outer in Cyclop*) 
or “liund" of Jurine, must be 
regarded os the first thoracic 
appendago, modified to carry 
fo<^ to tho mouth, and hence 
to be named the maxillipod. 

The abdomen is gcner«^ 

ally flVC*jointod in inalee Fio. MO.^Ventml aspect of the SDlerior part of Che 

body of Catontu finmarchicus L. A* first aa* 
tenna ; second antenna ; m median eye ; Mn.p 
mandibular palp; fint maxlUa ; aecond 
maxilla ; Aix.p maxllUped ; TK^ bases of the firet 
pair of swimming feet* united by ** coupler ; wX 
upper Up. (After Sars.) 





and four-j o i n t e d in 
females. The first seg¬ 
ment carries the openings 
of the generative ducts, and 

the anus is situated on the last segment, in the angle between the 
two divisions of the caudal fork. The abdomen, especially in the 
parasitic forms, very frequently undergoes a considerable reduction. 

—Anterior antennae^ unirnmoua* 

Puatorior antemioo^ uni- or biramous* 

Miindiblcfi^ genonilly with a well^dovaloped and aometimefi 
birainouA palp. 

Firet maxillae. 

Second maxillae. 

MaxillipcdA or Ist thoracic appcndagee» uniramous* 

8ec4>nd ilionu'jc appendages (biramous swimming legs)* 
Third 
Fourth 
Fifth 
Sixth 




»« 


»• 


•t 


«« 


tf 






f* 


• 9 
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The anterior antennae arising on either side of the base of the 

• Arb. au*. d. tool. ln*t. Wien. xi. 1. 
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rostrum are usually many-jointed (25 in Gymnoplea) and, by 
their powerful strokes, propel the animal by leai>s througli the 
water. They are beset with olfactory structures, and in the 
male one or both may be modified as a prehensile organ for 
catching and holding the female (Fig. 268). They are never 
biramous. The posterior ontenTwe, which are always the shorter, 
are in some families biramous (Fig. 260). In the parasitic 
Iiernaeidae and their allies, they serve as organs of attach¬ 
ment to the host (Fig. 266). 

The mandibles, in the free-living forms have a toothed blade 
(basal joint) projecting inwards on either side into the mouth, and 
a simple or biramous (Fig. 260) palp, which however in Cyclops 
is reduced to little more than a group of bristles (Fig. 269). An 
upper lip projects in front of the mouth and a bilobed lower lip 
may be present behind it. In the parasitic forms the lips arc 
produced and applied together to form a conical suctorial appara¬ 
tus within which the palpless, styliform and piercing mandibles 
are contained (Lemaeopodidae and Caligidae). In Philichthys 
and its allies only the upper lip is produced. The firei maxillae 
lie behind and external to the mandibles, and are in tlio 
Calani ’ae lobed structures resembling a Phj’llopod appendage (cf. 
Fig. 200). In Cyclops they are more jaw-like (Fig. 259), and in the 
parasitic forms are much reduced, and situated on the outer sur¬ 
face of the sucking tube. The second maxillae and tlie maxiUipeds 
are uairamous. In the free forms the maxillipcds are generally 
the longer and the terminal portion can be folded on the basal 
joints (the “ hand ” of Jurine). They are especially modified as 
p>ehcnsUc organs in the males of tlic Corycueidae in which group 
the anterior antennae arc not adapted in this manner. In the 
females of the parasitic LKTiiacopodidae tljcy are generally long 
and arm likc, ending in a liorny disc, common to the pair, by 
which the animal is attncljcd to the host (Fig. 264, c). 

The swimming feet consist of a two-jointed basal portion, 
and two three-jointed, setigerous, flattened rami (Fig. 261). 
The coxopodites of these appendages are often intimately con¬ 
nected by a median plate, or “coupler,” regarded by Hartog 
as a prolongation downward of the aternite of the sogmont 
(Fig. 260). In the parasitic groups the swimming feet are 
much reduced, and in some entirely absent. In several free 
forms while the anterior swimming feet are well developed 
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Flo. 291.—A Bwimmlng foot 
of Cyciopt. 8n eodopo- 
dlto; Bx exopodlU 


the fifth pair is much reduced {Cychps) or absent. In many 
Calanidae though absent in the female, it is in the male modified, 
unsymmetrically, as a pair of copulatory organs. 

It will be noticed that when five pairs of swimming feet are 
present, the number of the appendages corresponds with that 

found in the Cirripedes. 

The nervous System consists in the 
Calanidae of a eupra-oesophageal gan¬ 
glion, supplying the eyes and anterior 
antennae, a circumoesophageal ring giving 
off nerves to the second antennae, and a 
chain of seven or fewer median ganglia be¬ 
hind the oesophagus, of which the two 
anterior supply the mandibles, maxillae 
and maxillipeds. In the Corycaeidae 
however and in the parasitic forms the 
ganglia arc concentrated into a ring 
round the oesophagus from whicli a single 
or double cord, in which ganglion cells are 

present, is continued backwards. 

Sense organs. A median frontal eye {tuiuplius or Cyclops 
eye) is present (Figs. 257 and 260), though lost in the later 
stages of parasitic forms. It is divided into three parts, 
paired dorsal and median ventral, and the former are provided 
with cuticular lenses. In the pelagic Pontellidae the median 
eye is highly develo^wd and provided with deep and cuticular 
lonsos. The lateral divisions of it are also largely developed 
in the Corycaeidae. In the Branchiura alone among the 
Copepoda compound lateral eyes are present (Fig. 267) in 

addition to the median eye. 

Delicate olfactory hairs and rods are present on the anterior 
antennae, principally in the male (Fig. 258). 

Phosphorescent organs. Some pelagic Copepods (some Pontel- 
lidao and Oncaea) emit bright sparkles of greenish or bluish 
light, produced by the contact of the secretion of skin-glands 
■ with the water. These are present also in the larvae, and the 
arrangement of the glands and the colour of the light is charac¬ 
teristic qf the species.* 

• Giesbrecht, Mitth. (ib. Copepoden 8. Ueb. d. Leuchten d. pelagiachon 
Cop<^podon, Naples, Mitth., Bd. 11, p. 648 (180.»). 
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The alimentary canal is divided into a short narrow oeso¬ 
phagus, a wide stomach often with two anterior diverticula, 
which are sometimes ramified, and an intestine opening in the 
angle of the caudal fork. Hepatic cells lie in the walls of 
the stomach, and posterior to these is a tract the ceils of 
which contain urinary secretions. The stomodoeal cuticle 
only extends over the anterior onc-third of the stomach 
(Hartog). 

Excretory organs. The antennal glands which open at tho 
base of the 2nd antenna of the nauplius are only predent in tho 
larva of these as of most other Entomostraca. Glands wiiuii al/}o 
have an excretory function have been found in some genera at 
the sides of the anterior part of the ceplialuthorax, and in tho 
Eucopepoda they have been found to open, as usual, on the 
2nd maxillae (Richard). 

A saccular heart U present in the Calanidae and Pontellidoo, 
but generally a heart is absent, the movement of tho blood 
being effected by the regular oscillations of tho intestine. 
There are no special respiratory organs (unless tho lateral pro¬ 
cesses of the hind part of the body in the parasitic Penndla are 
to be so regarded). 

Generative organs. The Copepoda are of separate sexes. In 
both the generative organa lie in the cephalothorax and tho free 
thoracic segments and open (except in the Glioniostomatidao, 
q.v.) right and left in the basal segment of the abdomen. 
The males as a rule are smaller and more active than 
the females. Sexual differences in the form and structure of 
different parts of the body, such as the modifications in tho 
males of the anterior antennae, maxillipeds or sixth thoracic 
appendages have been already noted. In the free-swimming 
genus CopUia (Coryoaeidae) the body is cylindrical in tho 
female, flattened in tho male. 

But sexual dimorphism of a different nature may also be 
present to a marked degree. Some species among tho 
pelagic families are beset with setae of such elaborate 
development and brilliancy of colouring that it appears 
impossible to regard them os other than ornamental (vide 
Plates I-IV in Giesbrecht’s Pelagischen Copepoden des 
Golfes von Neapel, Fauna and Flora, vol. xix.). What mokes 
the occurrence of such elaborate ornamentation in this group 
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more remarkable is, b<'si(los the minute size of the animals, 
the fact Unit the Htnnaure of the eyes is so simple that it appears 
inconceivable tliat tlw;ir owners should be in any degree aware 
of the ornamentation presented by their fellows. In some 
8po.cics both sexes arc similarly ornamented (e.g. 
fUigerus, Claus), in otlicrs the male alone is brilliantly coloured 
{Sa'pvhirina)^ but in several of the most marked instances it is 
the female which is conspicuously decorated {Caloailanus, 
CopUia) while the males are comparatively plain. Some details 
of the ornamentation arc given below under the separate families. 

In contrast witli this kind of dimorphism is that found among 
the parasitic Copopods. While in some families the sexual 
differences arc slight, in Lemaea (as the result of fertilization) 
and in the Cniondracanthidae and Lemaeopodidae (indepen¬ 
dently of that event. Fig. 205) the female grows to a large size, 
acquiring a monstrous, distorted appearance in which its Copepod 
characters are completely masked, while the minute males, 
dwarfs in comparison, retain more of their original characters and 
frequently live, attached by their hooked appendages to the 
body of the female. 

The testes and vosa deferentia may be single or paired. The 
spermatozoa are elongated bodies twisted about their long axis. 
They are contained in spermatophores, which are formed in the 
lower part of the vas deferens. During copulation, which is 
only an external approximation of the two sexes, the male 
fastens one or more spermatophores on the genital segment of 
the female. The ovary, like the testis, may be single or paired, 
but the oviduct is always paired. A cement gland is generally 
present at its termination which also performs the office of a 
spermatheca where this organ is not separately developed. A 
separate duct, to the orifice of which the spermatophore is at¬ 
tached by the male, leads into the spermatheca (or cement gland). 
Through this the spermatozoa are injected by the expansion 
(owing to the inhibition of water) of a fluid contained in the 
spermatophore. The eggs are fertilized in the lower end of the 
oviduct, and a mass of them becomes enveloped in the secretion 
of the cement glands, which hardens in the water. The ^g 
sacks so produced are single or paired, and may be oval or fili¬ 
form (Figs. 257 and 266, d). In some cases however the ^gs 
are laid singly, and in the Kotodelphyidae they develop in the 
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dilated oviducts (uteri) contained in a dor»a! oxpansinii ‘*^*'^*® 
poeterior thoracic region. In CycU»ps one ferliliantioii hu cos 
for many broods (Hartog). Firin-elicllod eggs arc produc^ y 
Diaptomus towards the end of the reproductive period, and i>ass 

through a latent stage before hatching (Wolf). 

Development takes place by means of a eoinphcated meto- 
morpUoais, which, in many parasitic forms, is a retrograde one. 
The larvae have, when hatched, the naupUus form, with an 
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unpaired frontal eye and three pairs of appendages. Hooked 
setae on the second and third pairs of appendages serve to con¬ 
duct the food into the mouth, which is covered by a large upper 
lip (Figs. 242 and 262. a). The posterior region of the body is 
destitute of appendages, and terminates with two setae a< the 
sides of the anus ; it includes tlie thorax and abdomen, which 
are as yet undifferentiated. The antcimaiy' glands act as 
eacretory organs* 

The alterations undergone by the larvae in tlie course of 


j 
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tlieir further growth are connected with a number of suc¬ 
cessive moults, and consist principally in an elongation of the 
body and the appearance of fresh appendages. In the next 
larval stage {melanaupliws, Fig. 262, 
b), a fourth pair of appendages, the 
future first maxillae, makes its ap¬ 
pearance behind the three original 
pairs, which develop into the an¬ 
tennae and mandibles. In a later 
stage four fresh pairs of appendages 
are formed (Fig. 263). Of these the first and 
second correspond to the second maxillae 
and maxillipcds, wliile the third and fourth 
represent the first rudiments of the an¬ 
terior swimming feet. The functional 
limbs still resemble those of a nauplius, 
and it is after another moult that tlie 
transformation into the first Cyclops-like 
form occurs. It tlicn resembles the 
adult animal in the structure of the an¬ 
tennae and mouth parts, although the 
number of the appendages and of the body 
rings is still incomplete (Fig. 262, c). 

The last two pairs of a])pendage8 already 
have the form of short biramous swimming 
feet and the rudiments of the third and fi©. 288 .—M«UMupUa»of 
fourth pairs of swimming feet nave maac tecond *nt«nnM: 

their appearance as projections beset witn 
setae.* The body consists in this stage of 
the oval c»’phalothorax ; of the second, third 
and fourth thoracic segmenU ; and of an 
elongated terminal portion, which gives 
rise to the last thoracic segment and to 

all the abdominal segraenU by progressive segmentation. It 
already terminates in the caudal fork. 

Many forms of parasitic Copepoda, for example LeniarUhropus 
and Chondracanlhua (Fig. 266), do not got beyond this stage of 
body segmentation, and obtain neither the swimming feet of the 

* Hartog finds that the estae are formed inverted, and that they 
become everted when a larval skin is shed. 
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third and fourth pairs, nor a fifth thoracic segment distinct 
from the stump-Uke abdomen ; others, for example Achtl^e^, by 
the loss of the two anterior pairs of swimming feet, sink back 

to a still lower stage (Fig. 26i). 

All the non-paraaitic and many of the parasitic Copep^ 
pass in successive moults through a larger or smaUer number 
of developmental stages, in which the still undeveloped segments 
and appendages make their appearance, and the appends^ 
already present undergo further segmentation. Many parasitic 
Copepoda, however, pass over the later series of nauplius forms, 





Via. Z(ii.~Achth^r<,percarum.~a Nauplius form. » 

Kr second maxillae and K/* tnMllllpeds; e V?!'. ,idi • wir Af»/'Mcood 

ovarlM i KD cement ganda : d The smaller male seen from the side . Uxf . 

m&xlUae and maxHbp^s. From Claus. 


and the larva, as soon as hatched, undergoes a moult, and appeara 
at oneo in the youngest Cyclops form, with antennae adapted 
for adhering and mouth parts for piercing (Fig. 264). From 
tins stage tliey undergo a retrogressive metamorphosis, in which 
they become attached to a host, lose more or less completely 
the segmentation of the body wliich grows irregular in shape, 
cast off their swimming feet, and even lose the eye, which was 
originally present (Lernaeopoda). The males, however, in such 
cases often remain small and dwarfed, and adhere firmly (fre¬ 
quently more than one) to the body of the female in the region of 
the genital opening (Fig. 263). 
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In lArnaea (Fig. 2C6) such pigmy males were for a long 
time vainly sought for upon the peculiarly shaped body 


of tho large female (Fig. 
266, c, d) which carries 
egg tubes. At last it was* 
discovered that the small 
Cyclops-likc males (Fig. 
266, a) lead an independent 
life and swim about freely 
by means of their four 
pairs of swimming feet, 
that the females (Fig 266, 
b), in tho copulatory stage 
resemble the males, and 
that it is only after copula¬ 
tion that they (the females) 
become parasitic and under¬ 
go the considerable increase 
in size and inodihcation of 
form which characterizes 
the female witli egg-tubes. 

Monsirilta and its allies 
pass through a very re¬ 
markable life-history. The 
adult forms are pelagic 
animals, destitute of alimen¬ 
tary canal, moutli parts 
and second antennae. The 
nauplius attaches itself to 
the iKxlics of sedentary Poly- 
choetes, and casting off its 



appendages penetrates into 
tho vascular system of the 
host, in which all further 
stages 'in tho development 
supervene, though withotit 
casting a skin (Malaquin*).- 


¥io. 1 ^ 05 .—Th« two anlniAU of Chon» 

drae^fUAus gibbotus magolfiod mboui tlx 
dUmoUrv. a Female eeen from Iho side; b 
from tlie vcotiml euiface with adherlog male# ; 
e male atroDgly niasolAod. A eye; An* 
aoterlor anteemae; An* poeUrlor antennae 
(for attachment); D Inteitme; P' the two 
pain of thoracic feet. M mouth parte; Ot 
oeeopliague; Or egg'tubet; Sp apermato* 
phore; T Uatle; Vd vae deferena. From CUue. 


Nourishment is taken in by means of the second antennae and 


* Maloqum, Lo porositisme ^volutif des Moostrillidea, Arch. Zool. exp 
3, 0, p. SI. 
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sometimes by the mwidibles as well, which reappear and grow 
out into long tentacular appendages, comparable in their 
function with the root-like appendages of the Cirripede Rhizo- 
cephala. Having attained the adult stage the animals throw off 
these appendages, and leave the body of the host to assume 
their brief pelagic existence, which comes to an end after the 
maturation and dischaige of the sexual products. 

Sub-order 1. EUCOPEPODA. 

C&p&poda wUh nMaiicatory or suctorial moiUh 'parts, and swim¬ 
ming feet (he branches of which are two- or three-jointed. 

The seventeen families into which the Eucopepoda have been 
divided are arranged (following Gerstaecker) in six series. 
The first consists of free-swimming forms; the fourth, fifth 
and sixth of parasitic forms. In the second and third series 
while some members are free-living, others are adapted to a 
commensal or semiparasitio mode of life. A much larger 
number of families is recognized by more recent writers, but 
no complete classification of the sub-order is at present 
available. 

The 6rst two families, the Pontellidae and Calanidao, ore included 
by Giesbrecht in liis group OymruypUa, which is characterized by the fol¬ 
lowing features. They are free and powerfully swimming pelagic Copepoda 
with long and many-jointod (24-26) anterior antennae, and biramous pos¬ 
terior antennae. 6th and 6th thoracic segments closely united and sepa^ 
ate from the urosome, and in the male the oppendage of the 0th 
6ed, often unsymmetrically, as copulatory organs; urosomo, 6-jointed 
in male; male organs unsymraetrical; heart usually present; tho 
ore laid separately or carried by the female in a single egg-sack until 
they are hatched. 

First series (Tams. 1-4). 

Fam. 1. Oal&nldae. (AmpfuukandHa of Giesbrecht). The anterior 
antennae o( the male are nearly or quite symmetrical, and more abun¬ 
dantly beset with sensory organs than in the female. In the female the 
6th pair of swimming feet may be reduced or entirely obsent, and the 
4th and 6th segments are generally fused. 

Calanus Leach, C. finmarchicus Gunner (1705), abundant in N. Atlantic 
(Fig. 260). Sttcalanus Dana, Rhiruxiianus Dona, Afecynocera Thomp., Para- 
calantta Boeck, AcrocaJanus Giesb., CtdoccUanua Giesb., C. pavo Dana; in the 
female (iv. 16)* the anterior emtennoo bear long bristles, of which three 

* These ntunbers refer to the plates cuid Bgures in Giesbrecht’s Mono¬ 
graph on Pelagic Copepods, Fauna and Flora of the Qulf of NapUa, vol. 19. 
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at the base are feathery and have a yellow metallic lustre while the ter¬ 
minal one is scarlet. The two divisions of the caudal fork also bear four 
fan-like feathered appendages almost as long os the body and having a 
metallic orange colour. The mole (I. 13)* is much less strikingly ornamented. 
The anterior antennae bear very numerous sensory vesicles, and ^ 
scarlet at the ends, and the posterior antennae, moxillipeda and the caud^ 
fork bear long narrowly feathered scarlet bristles. In the female of C. 
‘plumul 09 \u Claus (III. 6) * the anterior antennae and caudal fork l»ar 
feathered bristles somewhat similar to those of C. pavo^ but one o t ose 
on the leftside of the caudal fork is produced to a length nearly six t^s 
that of the body (5 8 mm.) and besot with orange coloured and clubbed 
setae, forming a deUcate flexible appendage of extraordin^^auty. 
Ciautoadaniu Giesb., Cunocalanus Giesb., Pmudo(Mlanu3 Boeck, Dr^no- 
pus Brady, Mobianua Giesb., Spinocalantis Giesb., 2- w’ 

Oaitanuji Giesb., Chiridixu Giesb., Undeuchafta Giesb., ' 

Euchaeta Philippi, Scolecithrix Brady, Xanthocalanus Giesb., Phat.nna 

Claus. ^ r *U 

Fam. 2. Poatellldae {Heterarthrandria of Giesbrecht). One of the 

anterior antennae of the male, generally the right, mo ' as o pre 
hensile organ. The 6th pair of swimming feet of the female “ 

reduced but is never absent. The eyes are often . 

dorsal and ventral cuticular lenses. The last thoracic on 
abdominal segmenU of the male are often unsymmetncal. 

Kroyer, /su« Boeck, Ttmora Baird, PUuromina 
Claus, Itochatta Giesb., DisseUi Giesb.. HcUrochaeta Cla^, 

Claus, Augaplilus Giesb.. Phytlopus Brady, Cand^ 

Dana, Lobidoc^ra Lubbock. PonUlla Dana, wit i one po 
provided with cuticular lenses^ on the doi^l eiur aco o ..natrnm 

additional lenses on the anterior and posterior surfaces o • 

The median ventral element of the eye is a prosen , 

projection on the ventral surface behind Uie ros rum. double 

Templeton, with each of the lateral elomenU of the 
Monopa Lubbock, PonUUina Dona, Acartia Dana, o^nura .j. . 

fZ. 3. Harpkcticldae. Free-swimnung. Body Ime^. 
completely segmented. Lost thoracic segment inc u o i nririuis 

Both onterior antennae of the male modified os pre le ... . 

Posterior antennae usually biromous and with bon se . ,• j_ 

palp and first maxilla biromous and short. Moxi ipoda 
a hook. The anterior pair of swimming fwt may 
as on additional pair of moxillipods, the 5th pair lea e ..viducts 

both sexes. Heart absent. Eye median, simple. Openings , 

near the ventral middle line, and egg sock generally median. ^ ^ 
Claus, EiUerpt Claus, Tachidiua Lilljob., Longipedta Claus. 

Weetw. DactyU>pua Claus. ThaUatria Ci^us h ' cMi ^' 

horgia Claus, Jurinia Clous, Harpacttcua O. ^ ^ nelamc 

North Boo. Tisbe Lilljob., Weatwoodia Clous, SeUl^ ^ ZJLdWo 
Clytamnaatra Dana, Ectincaoma Boeck, ASunanaUa 

Boeck, SUnhtlia Boeck, ylmeira Boeck, Nttocra Doock, ^ pi H ’ 

Mirada Dana, Meiia Plul., Aenippe Phil., Olauata Clap., EuryU Plal., 

Idomeru PhU. 


• These numbers refer to the plates and figi^-^ m 
graph on Pelagic Coj>e|K>da» Fauna and Flora of the Oulf of P » • 
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Fam. 4. Polttdildae. Free-living marine forms, with feeble swimming 
power. The body ia broad and flattened and the margins of the anterior 
segments ore often produced into overlapping lobes. Tlio cuticle is thick. 
In other reepecte they resemble the Harpactidae. ScuUJiidium Claus, 
Zaus Goods., AUeutha Baird, Eupeite Claus, Peltidium Phil. Porcellidium 
Claus, body incompletely segmented. BtrtUia Phil 

Second series (Fams. 5-8). 

Fam. 6 . Cyclopldas. Marine and freshwater forms with active 
swimming powers. Body pear-shaped completely st'gmentod. Lost 
thoracic segment included in urosome. Anterior antennae of moderate 
length, both of them symmetrically modifled as prehensile organs 
in the male (Fig. 258). Posterior antennae uniramous. 4-jointed. 
Mandibular and maxillary palps reduced. 6th pair of sw'imming feet 
cylindrical and alike in both sexee. Heart generally ab.«ont. Eye median 
simple. Egg sacks paired. Cydopa Miill. (Fig. 257), mandibular palp 
reduced to a few bristles (Fig. 269, Af). Abundant in freshwater pools 
Cydopaina Claus. Oithona Baird, O. plumiftra Baird, pelagic. The 
appendages of the female are beset with long feathery scarlet setae not 
present in the male. Miaophria Boeck, ThortUia Boeck. 

Fam. G. Notodelphyldae. Cydops-\\\w Copepods, with diminished 
powers of movement, commensal in the interior of Tunicates and other 
marine animals. Body fully segmented. The anterior antennae of 
moderate length or with the number of joints reduced to 6. The eggs 
develop in a wide expansion of the united oviducts (uterus) contained in 
a largo dorsal expansion of tlie fused 5th and 6th thoracic segments. Cement 
glands aboont. Tlu* malee are often much smaller than the females. Noto- 
ddphya Alim, differs from the other genera in ha^•ing tlie anterior antennae 
as long os the cephalothorax. Doropygxta Thor., Botachus Thor., Gemfo- 
liflphya Huchh., K’oiopUrophoma Costa, with lamellate dorsal processes 
on the thoracic segments. Qunaniophorus (’osta, Otontphilua Bars, and 
(?) OatitrOiUa ifosfu-, and Ophthulmopachaa Heasc. 

Fupi* 7. AscMlcolldas. Resembling the Sotodelphyidat in mode of 
life and in structure except that the body is more elongated, and the 
anterior antennae are .'shorter—3*jointod. Aacidiccla Thor., BotryUo-^ 
philutt Hesse, Narexiia Hesse, lachrwgradca Hesso, Ophioaddea Hosso, 
F.yiterorola BoniHb, SIychophilna Hesse, .-Idrancfliiw Hesse, Aplopodua 
Hesso, anti (7) PiidnUibia. ('rypltypodua, Hypnodea and Lyyephilua Hesse. 
Entt>ro.jTujlhua ({iosb., E. •'omattdae an entoparosito on Comaiula. 

Allied to the Aacidicolidue are the fom>H TfujumaUua Kroyt'r, Afon* 
atnlUi (lana uuJ fJa<.mocera Malaquin, whose remarkable life-history is 
dee< .'ibivt above (p. 403). 

Ftup 8. Buproridae. Consisting of the single species Buprorua loveni 
Thur., eonuiionsul with Aacidia aaptra Miill. Allied to the last two 
families but the body of the feinalo unsegmented. 


Third series (Fame. ^11). 

Fam. 0. Corycssiiae. Active, marine Copepods, mostly free through¬ 
out life, though in some species the females become temporarily attached 
to other animals. Bcdy cylindrical or flattened. Anterior antennae 
short, usually 6-jointed, alike in both sexes. The j>oBterior antennae and 
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maxillipetls ore symmetrically modified as prdienslle organs, the latter 
especially in tho male. Heart absent. The lateral elements of the 
eye are often large. Tlie openings of tho oviducts are dorsal 
or lateral. Egg sacks paired. lAibbockia Claus ; Onexua Piuhppi ; 
Corycaetu Dona. Copilui Dana, bodies of glass-liko traMparency ; 
strongly marked sexual dimorphism ; female cylindrical, male 
flattened; C. vitraea Haeckel, in the female (II. I)* the thoracic 
appendages bear broad plumose setae which, like the stomach, are of a 
bright orange colour, and the lateral elements of the eyes have large 
lenses ; tho male (L. 8) • is colourless and without lateral eyes. 
Pachyaoma Claus. Sapphirina J. V. Thompson. Lateral elements of 
tho oyos with cuticular lenses present in both sexes, male much broader 
than female and brilliantly iridescent (I. 7).* SapphirxneUa Claus. 

Fain. 10. Ergasilldae. Copepods in which tho females though retaining 
tho iKiwer of swirnining are parasitic on the gills of fishes and the bodies of 
molliisca, annelids, (^tc. Tho males are probably free at any rate during 
part of llicir life. Body cylindrical or flattened, segmented. Antenor 
antennno 0-7-jointed, postr. antennae modified as grappling hooks, 
inuxilliiKHU prchonsilo. Tho mouth parts ore not modified into a sucWng 
tulKi and the eye is simple and rnwlian. Egg sacks paired. DortdtcoUt 
Uyd , pun.Kitic on Doria. Sepicola Claus, on sipiids. Eolidtccla Sore. 
Lichomol'/ua Thor, in hnuichial sacks of tunicates. TerebeUtcokt Sars, on 
'J’rrolKlIiihic. Eurantkua Clous, jiomohehua Nordrn., on pleuronectid 
lishcs. Ergaailua Nordni. on teloostenn fishes. Thcraiua Pugenst. 

Fum. 11. Ascomyzontldae (Asterocherldae). Structure and mode of 
life resembling that of tho Ergrvsiliduo, but tho lips are modified into a 
suctorial apparatus emtaining tho stylifonn mamlibles. Anterior 
antennae 5-20-jointed, goiiiculuted in the S , ant", inx" and mx{>od 
prehensile Tlio eye may bo absent. NicothoC Aud., N. aatact with a 
discoidal proboscis ; lives on tlio gills of tho lobster. AaUrocheru Boeck 
(Aacomywn Thor.) with a long smking tul>e. on tunicates, sponges and 
cchinoderma. Dyajwntiua Thor., Arlolrogua Boeck, and many others. 

Foiirtli series (Fams. 12-14). 

Fain. 12. Callgldas. Both soxts live as parasites on the skins of 
fishes, but are able to swim rapidly. They are broad flattened Copepods 
of comparatively largo size end incompletely segmented. There is a 
sliiold-like e.ephulothorax and tho free thoracic segments ore often pro¬ 
duced into lateral lolioe. The genital segment is swollen, especially in 
tho female, and tho rest of the abdomen reduced. Anterior antennae 
short, with 2 or 3 freo seginonte ; the basal segment fused with tho margin 
of the cephttlotliorox. Posterior antennae reduced to a grappling hook, 
not projecting Ixjyond tho margin of cophalothorax. Mandibles stylifoirn, 
enclosed in a sucking tube. First maxillae free, second maxillae and 
maxillipeds modified os hooks. 4 pairs of usually biromous swimming 
feel are present, tho 5th pair being often rudimentary or aljsent. Heart pro¬ 
vided with paired valves. Eye, when present, simple and median, or with 
paired elements. Kgg sucks paired and elongated. Hermtftus Hell., Para- 
pektlus Stp.Ltk., (S'ynesrius Btp. Ltk., Caligodea Hell., C'ah'yiM Mull., Lepeoph- 


* These numbers refer to the plates and figures in Giesbrocht’s Mono¬ 
graph on Pelagic Copepods, Fauna and Flora of lha Oulf of NapUa, vol. 19. 
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theirus Nordm., Anureteg Hell., Oioiopotes Stp. Ltk., Liitkenia ClauB, 
Ne^ppus Heil., Nog<Mgu$ Leach^ Demotetis Hell.^ Dyegam^ Stp. Ltk.» 
Euryphorus Nordm., Trebius Kr., Elytrophora Gorst., AUbion Kr., Dine- 
matura Latr., Eckthrogaleue Stp. Ltk., Cccropa Loach, Phylhphonte Edw., 
Oangliopus Gerst., Pandarxu Leach, t/aemargus Kr., Perissopua Stp. Ltk., 
Lftpidopua Dana., CcUigeria Dana, Calist''a Dana, Cali^na Bened., Specil- 

ligua, Dana. 

/inha ^3. Dlchclosthlldae. 

A W ilUlL Like the Caligidae, they aro 

generally oxtornal pnroBites at¬ 
tached to the gillaand soft parts 
of the skin of fishes. They differ 
from the Caligidae in the 
greater reduction in siy.o of the 
swimming feet, the elongated 
body and in the cliar.u ters of 
the antennae, the anterior being 
many jointed and the poatorior, 
which are chelate or bear a hook, 
being lengthened so os to pro¬ 
ject beyond the margin of the 
ccplialothorax. M ytilirola 
Stouor, M. intestinalia, internal 
parasite in gut of imissols in 
Adriatic ; its blood is red. 
Anthoaoma Leach., T*/cco Kr., 
Norton Nordni., Epachthea 
Nordm., Lrrn/inMropti* Nordm., 
with red blood ; Sfolagintta 
Nordm., Dichcleathiuvt llenn., 
D. <f/urtoni^ on the gills of the 
sturgeon. L/onehidixnn Gerst., 
on the gills of slmrlcs. Dacutua 
Lubb., probably a larval form of 
a Lernaeid allied to Pennflla, 
Philichthya Stp., P. xiphiae. 
The sexes differ markedly in the 
adult 8tat-‘. The female in¬ 
habits the mucous canols in 
the head of the sword-fish 
{Xiphiaa gladiua), but the male 
leads o free existence. Ler~ 
nacaacua Claus, on soles. 
CiaveUa Oken, Nemeaia Roux, 
Cycnua Edw., Paeudocyenua 
Hell., Exidactylinn Boned., Lam- 



Yl(^. ffranchialu- a (About 

mm lu k'Oiith); h femftio At the stage lo 
ubkh trrtiUaation (ncuts (5'^mm ioleo^b); 
c femab In pruccM of inetftmon>ho®U; d the 
aaiu^. «iUi tgg^ackB lormod (eAudd aatunl 
atzf ^ 

A\ A' tlio \y»o pairs ofant^nnAc (the hooked 
pAlr 'V9 iho ^^d) ; i) gui; the four 

of dvrimnung feet; O brain; Od regie n 
of th gi'O'fAtive Apjrturea; 3/ stomach; 
Mxl ; Oc eyo ; H fuclorlat pro* 

boufi-* >’p ftAck of spermatepborea ; T te^to# ; 
Yd to tb^ TAAA delerfOtlA on thdrway 

fiom hfWto the naiUl (Ist Abdonxlaal) 
e^mcDt. (After CUua^ 


W 

proglena Nordm.» Donuea 
Nordnt., Atihon Kr., Ergastlina Bened., and (t) PolyclinophihiA Heeee, 
and SabtlUicheres Sars. 

Faro. 14. LcrUMldae. Before they are fertilized the females (Fig. 
266* 6) reBcrnblo the males and conform to the type of the last two 
families, having the anterior antennae short, the posterior hooked 
and as in the last family projecting beyond the front margin of the 
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cephalotl\orax, the mouth parte suctorial, small hooked 

four pairs of small swimming feet. The gomtol segraen o e 

much elongoted and the hind part of the body is unsegmented. A m^^ 

eye is prient throughout Ufo. Tho development of the m^e 

this 8t4o, but after fertilization the body of the female 

enormously in size, growing worm-like, while the 

in the tissues of the animal on which it is parasitic (Fig. 2bh c, aj 
The region in front of tho genital segment is, m many 8®"^’^“' 
strictod, and tho eggs sacs are either oval or much elonga^, temg 
in tho latter case straight or thrown into a close y pac sp 
Zrfmaeoccra Bloinv., Therodanuu ICr., Peniculus Nordm. * 

P. saoilia, L. The female Uvea nearly bunod m the flesh of 
pelagic fish Anlennariu 9 , only the posterior part of t e y carrying 
tho stroight egg tubes and besot on either side with a senes of long pro¬ 
cesses (respiratory f) projecting beyond the body of the host; two long 

liockwardViointing processes from the sides of the thoracic region anchor 

it in position. P. filoaa L. attains a length of 0-7 mches. Ltrmxeon^ 
Edw., Ltmeaeniewt Lcs., Echelu* Kr., Ixyphura Koll., Ler^ol^hus HeU 
Umota L (Fig. 200). The females are parasitic on the gills of fish^ 
(rarely on tunicates). The genital segment is swollen, ventne^ ^ 
S-shapod. Rootlike processes extend from the head ulcerat^ 

tissues of tho bronchial orchos in which it is embedd^. T^e malM re¬ 
main smalland load afroo life. Haemobaphes Stp. Lt cr « 

•Naol/ranchia Ho8So» and (?) Psetidulus Nordra. 


Fifth series (Fams. 15-16). 

Fom. 16. Chonaracanthldae. Tho males and females differ mu^ 
in form and size. The females are comparatively largo ^mals attached 
to tho gilU or other soft parte of the skin of fishes. Tlie abdomen m 
stump-like and the body produced into stout irregular procoasos (in w uc 
lobes of the ovories may be lodged) giving it a monstrous misshapen op- 
pooranco. There is no suctorial proboscis and tho mandibles ore sic 
shaped. Maxillipeds small and hooked. The swimming feet ore reduced 
to two pairs of bifid lobes. Egg sacs elongated or saccular. Tho dw^i 
males are found ottached to tho body of the femole. In them the cephate- 
thorax is arched dorsally end tho abdomen conical and segmented. 
Usteira Kr., Medt*ica$U Kr., Strabax Nordm., TrichthoMrus Kx.,Bl%aa 
Itr., Chondracanthus la Roche (Fig. 266), Splanchnotrophus Hane., Dtocus 

I»mailia Bergh., Tanypleurut Stp. Ltk. 

Fam. 16. Lernasopodldae. As in tho last fomily there is morkwi 
sexual dimorphism. The bodies of the females are largo and unsogmented. 
Maxillipeds in some genera short and thick and in some cases comp e y 
fused together, but generally long and arm-like and only united at eir 
ends in a single homy disc, common to both, by which the amnm is 
attached to the hoet (Fig. 264). The toothed mandibles are oontaino^n 
a suctorial proboscis. The swimming feet have completely disappeamd. 
Egg sacks paired and saccular. The males resemble those of the 
drocanthidae in shape, but the abdomen is unsogmontod, tho mouth begim 
in a suotorUl tube, and both second maxillae and maxilUpods are strongly 
hooked. They are attached to the bodies of the feroalee. Thytanote 
Kr., Ba»ani»U» Nordm., Vanbenedenia Malm., Charopinus Aefuh^es 
Nordm., Lematitpoda Kr., 2’racheluute* Nordm.. BrachUUa Cuv. 5 AncAor- 
etto Cuv., on tbs gills and mouth parte of fishes (T) HtrpyUobtu* 8tp. t,tk. 
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Sixth series (Fam. 17). 

Fam. 17. ChonlostomaUdae. Minute Copepode which Uv«> j" t*-” 
brood or branchial cavities or elsewhere about the bodies of 
Malacostraca whose blood they suck. Ttie body, especially timt of 
rto fully developed female, la more or less globular, and ivithout 
Intation, thou^ a transverse groove on the 

the Umit of the cephalothorax, and m one ge^ the nbdoinon is 
totincr It is often partially clothed with hairs. The anterior cnt«nnM 
are small, the posterior very minute. Mandibles simple and contain^ m 
a conical proboscis terminating in a membranous cup. Ist maxillae minuto 
Ld birai/ous, on the outer sfdes of the proboscis. The second rnaxm- 
and maxilUpeds are generally powerful and prehensile. Two 

minute biramous legs and the pair of caudal *3 “’t 

globular posterior region. The male is often less than t^o 'enSt^of 

the female and is attached to it or to the body of t^ host by » 
secreted by a gland lying in front of the proboscis, ^ho vasa doferontia 

open, according to Hansen, between the swimming lep of 

The eggs are contained in numerous ovisacs which are generally not 

altaclmd to the body of the female. A “ nauplius'• 
with only two pairs of appendages (ct. Achlher^. ^'"““P^d-dee) « 
passr-d tlLugh in the egg and the larva is hatched m the cyclop 
" with the month and antorior appendages like those of the 
adult, but with largo swimming feet, and 1 or 2 free ^ 

menu and a G-jointod abdomen. The larvae attach ‘ 

by a secretion of tho frontal border of tho cephalothorax. and in ^mo 
species either tho female alone »r both sexes pass 

in which tho appeiHlag»>s arc ill-develojied or absent, and tho • 

nf t"‘rbiuly appt'Lrs to undergo a process of histolysis. 
skin is HhM the adult structure is complete. a, 

abdomen <listinct, in marsupia of amphipod family SU 
Hor,^oio.^cHis Hans., in branchial cavity of Cumacoa. 

Saleni^ky. in marsupia of amphipods, isopods ond Cumocca, 3 PP‘ . 
scribed. Choniosk>ma Hans., maxillipoda rudimentary ; m 
cavity of the docnp'^tl Hippolyte. Mysidton Hans., in . 

Bchizopods. .^<»pideef»a Giard and Bonn., attached U> the outer eunooe 

of tho scliizopod Erythrops. 

Sub-order 2. BRANCHIORA,* 

Carp-lice. Copepods with large compound eyes, and a 

th ♦ udth four Dairs of eiongaUd 


• Jurino, Mdmoire sur !'Argule fnli.ic^, dnna/M du 
Tom. VH., 1800. Fr. Loydig, Ueber Argulus foliaceus, Zettschr /ur 
Zool Tom n . 18r»0. E. tV-rnalia. Sopra una nuova specie di crosti^i 

Mdano. iSOO. O. Cdaus. u£er die Entwiekelung. Org^^ation 
und Hyetematischo Stelhing der Arguliden. ZctUchr. /ur uW’ T 
XXV 1875. F. Levdig, ITeber Argulua foliaceus, v4rca. /. AiMPro* . 
Anat T. 33. 1880. Nettovich L,. v. Nouo Bcitriigo zur KcnntniM O- 
Armilidoe Arb.aus dem Zool. Inst. Bd. I3(1900)p. 1. 

North American uaroaiitic CoiH'pcxls of the family Argujidae (wi 
Bibliography) Proc. U.S. Nat. Museum, vol. 25 (1903) p. 036, and e now 
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hiramoua and many-pointed atoimming feel. The abdomen is 
represented by a broad iwo-lobed caudal fin. 

The Branchiura though actively swimming animals are para¬ 
sitic on marine and freshwater fish. They are often placed near 
the Caligidae, but though they certainly resemble this group in 
the general form of the body they differ from them and from 
the Eucopepoda in several essential particulars. 

They have an oval flattened shape enabling them to adhere 


I 


M 




closely to the bodies of 
their hosts. The region 
bearing the first pair of 
swimming feet is fused with 
the anterior part of the body 
forming a cephalothorax. R 
The abdomen is represented 
by the short unjointed 
bilobed tail fin, in the notch ^ 
at the end of which the 
short caudal furca is found 
(Fig. 267). Both pairs of 
antennae are small. The 
anterior is three-jointed and 
carries a hook and the 
posterior, though large and 
biramous in the larva, is 

simple in the adult. A l|\ T^^S-*^LSgl 'm''' 

large suctorial tube projects 

from about the mouth, and yio.ZVJ. —YouDgin*l*0f Argvltu foUae*tt4 {txom 

U OM /vr«nn<kAlAH 6n^1v ClftUf). A’ AnUrior •Dtennao; i>tnt«atlDC; 
in it SrO COnCCAleO nnciy m**lUipe<l; U ratrum; Sf iwlmnilog 

serrated mandibles and the = 

first maxillae which, unlike 

those of the parasitic Eucopepods, arc styliform.* A little 
anterior to this proboscis there is inserted a long cylindrical 
tube, terminating in a retractile styliform spine, which serves 
as a stina (Wilson). It is, however, not present in DoUypa. 




Claus). A' Aatcrior aDtconao; ntnUatlnc; 
K/' mazlUJped; It rostrum; S/ awImnilDg 
feet; ^sucker and second masnia; SI apioe ; 
Tt«st«i. 


apocios of AfguluB* • • • Ibid. voU 27 (1904) p# 627# Thiele J* Beit^ a. 
Horphologie d. Argulidae. MiUh, axu dtm Zool. Mug. Berlin. Bd. 2. 
Hft. 4(1904). 

* Thiele, however (l.c.), conaiden that only mandibles are contained in 
the suctorial tube. Ho rogards the eppondsgos here named second maxillae 
unH moxUlipeds os the two pairs of maxillae—a result with which the posi¬ 
tion of the opening of the shell gland would be in harmony. 
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Powerful organs of attachment are placed on each side of 
and behind the mouth ; they consist of two parts—(1) of an 
anterior pair of appendages which apparently correspond to the 
second maxillae and are in Arg^us modified into large sucking 
discs ; the hook*bearing terminal portion which is present in the 
newly hatched larva, and in Dolops throughout life, being 
reduced ; and (2) of a posterior pair, which corresxwnds to the 
maxillipeds and is provided with numerous spines on its broad 
basal portion and a tactile protuberance and two curved terminal 
claws at its extremity. Next to these come the four paired 
swimming feet of the thoracic region, which, with the exception 
of the last, are, as a rule, covered by the sides of the cephalo¬ 
thoracic shield. Each of these consists of a large basal portion, 
consisting in the adult of several segments, and two much 
narrower rami, which are beset with long swimming setae 
and in their form and setigerous investment are not unlike 
the biramous appendages of the Cirripedia, being like them 
derived from the copepod feet of the larva (Fig. 267). 

The internal organization recalls that of the Phyllopoda. 
The nervous system is distinguished by the great size of the 
cerebral ganglion, and by the close approximation of the six 
ganglia of the ventral chain. Two large compound lateral eyes 
are present in addition to the unpaired tri-lobed median 
eye. The alimentary canal consists of a short arched ascending 
oesophagus, a wide stomach "with two lateral ramified appendages, 
and a rectum which runs directly backwards and opens to the 
exterior in the median indentation of the caudal fin above the 
two divisions of the caudal fork. The shell gland has a well- 
developed end-sac and opens, not as in most Entomostraca 
(but of. footnote, p. 411) on the sucking disc (mx"). but at the 
base of the maxilliped. The heart is a tube suddenly expanded 
behind, extending from the region of the brain to the base of 
the caudal fin, against which it ends abruptly. The blood 
circulates in sinuses. It leaves the heart by anterior and 
posterior apertures and returns to it by a ventral median and 
two posterior lateral ostia (Leydig). The entire surface of the 
cephalothorax functions as a-respiratory organ. Tlicre seems, 
however, always to be a strong current of blood in the caudal 
fin, 80 that this part of the body may be regarded as especially 
respiratory—a circumstance from which the group is nam^. 
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Reproduction.—The males are smaller and more agile than 
the females. The paired testes lie in the two lobes of the 
abdomen and the vasa efferentia lead to a median vesicula 
seminalis from which paired ducts pass to the median genital 
papilla at the base of the abdomen. Fertilization is effected by 
means of seminal sacs whicli are situated at the distal ends of 
the basal segments of the third pair of swimming feet, an 
arrangement recalling those found in spiders and ccphalopod-s. 
Copulatory hooks are placed in a corresponding position on the 
fourth pair. The oviduct leading from the median ovary opens 
at the base of the abdomen. The females do not carry their 
eggs about in sacs in the typical copepod manner, but fasten 
them to surrounding objects. The vitelline membrane of the 
deposited eggs acquires a vesicular structure. The young 
when hatched have the general form of the adult, but the 
appendages, as shown by Claus, resemble those of later copepod 
larvae. They undergo a metamorphosis. 

Fuin. Argulldae, Carp-lico. Ar^ulu^ O. Fr. Miill. The anterior pair of 
inaxillipods niodifiwl into largo suckers. Thoro is a styliform spino 
in front of tho mouth. A. foliaceu3 L. (Pou do poissons, Baldnor) parnai i 
on carp and sticklebacks. A. coregoni Thor., A. giganUus Luc., Dolop^ 
And. (= OyropelliB Tho maxillipoda ond in a claw ; stylUform 

npino absent. D. Kollari Holl., parasitic on tho branchiae of Hydrocyon. 
Brazil. D, Doradis Corn. Chonopeltit Thiole. 


Order 6. Cibripbdia.* 

Fixed, atid for the moat -part hermaphrodite Crustacea with 
indistincUy aegmerUed body encloaed by a dorsal shield {mantle) 
which generally contains calcareotis shell plates. As a rule there 
are six pairs of biramous thoracic appendages. A remarkable 
change in the position of the body within the shell occurs in most 
cases during the metamorphosis. 

• Compare J. V. Thompson, Zoological UesearchtB. vo\. 1* 
Durmeister^ Beitrdoe zur Naturgesehichtc dcr Banken/u^ffUr, ’ iar 1 1 

Darwin, A monograph of the SuJb-CUua Cirripedia. 2 ’ 

1854. A. Krohn, Die Entwickolung dor Ciiripedion. Archiv. 

gtedi., 1800. C. Claus, Dio Cypris-Ahnlicho Larve dor Cirnpodion, o^, 

achriittn Qte. Naturw. Marburg. Suppl. Heft. V. 1809. R-^ ^ 

toria vnd Lepadina, Wurzburg. 1873. Yves Dolage. Involution do la 

Sacculine, Arch, de Zool. exp.. (2), II.. 1884. Uoek. Jtrport 

pedia. Challenger Reporte VIU (1883) and X (1884). Borndt. Zur Biologie 

u. Anatomic ?. Alcippo lampas Hancock. Z. /. Z.. 74 (1903). p. JW- 

Oruvel* A., Monographit (Us Cirrhipides, Parin, iy0*>. 

copliala, Fauna m. Fhra d. Oolfes von Ntaptl. Monograph ivuo 
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Lato DAiiplIiJs. b, ii>^t*ftnaup]iii5 larva of B^lcnuM 
bcfor« tho RiouU. Bcneatii tho gk(n aro the rudloianta of ibe 
laU^ral ey«-a {O) and all tlio appendagea in of tho eypria 
Htagf'; A anu3 ; lot and Cud antonnao ; ^'thoantennao 

with ouctorial diac; I) Inti^ttno ; Vr gland cells of tho 
aotchor horns; F/ fri>ntal Itlamont; H frontal homo ; Md/ 
mandibular foot (third pair of appendagta); JJx rudiment of 
maxilla; O' unpaired eyo ; Of proboacia wlUi mouth. (Prom 
Claus.) 


The Cirripeds 
were included by 
the older natural¬ 
ists in the Mol- 
lusca,to the Lamel- 
libraiich group 
of which the 
bivalve shell of 
the Lepadidao 
with its calcareous 
plates and the 
siphon-like 
peduncle give this 
division a certain 
external r e s e m - 
blance. 

Tlicir relation¬ 
ship to the Crus¬ 
tacea was fi r 81 
demonstrated by 
J. V. Thompson, 
by the discoveiy 
in the year 1829 
of the nauplius 
larva of Bdlanus. 
The monograph of 
the Cirripodia by 
Charles Darwin 
(Ray Society 
1851-53) first 
placed our know¬ 
ledge of the struc¬ 
ture of the group 
on a satisfactory 
basis. 

The structure 
of tho adult 
Cirripedes, as well 
as tho natural 
aflinities of the 
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group arc best understood by the study of their develop¬ 
ment. 

The nauplius larva (Fig. 208) is provided with the character¬ 
istic three pairs of appendages and median eye, but it also 
possesses a very delicate dorsal shield prolonged laterally into 
two peculiar “ frontal horns ” to which in the later stages, in 
Lepas, long median and lateral horns are added. The upper lip 
is large, recalling that of the Phyllopod larva. 

After undergoing several moults in this guise the larva sud¬ 
denly emerges in the Cypris stage (Fig. 269). It is enclosed in a 
bivalve shell, the margins of which are flattened along the 
ventral surface, and a pair of compound eyes is present in ad¬ 
dition to the median eye. The anterior antennae are four- 
jointed, and bear a characteristic disc at the end of the second 
segment on 
which opens the 
duct of the 
cement gland, 
whose lobules lie 
in the anterior 
part of the body. 

The posterior an¬ 
tennae of the 
nauplius have 

disappeared, and Pio. 2G9.—Cyprls larva o( L$pat tatcUulata. ab aMoincn ; 

. 1 «1 paired oyo; rf thoracic feet; ua median (oaupUue) 

the manci l O 1C 8 eye, l anterior auiennae. From Lang, after Claus. 

and two pairs 

of maxillae are rudimentary. There are six pairs of biramous 
and setose thoracic appendages, recalling those of Copepods. 
The short abdomen ends in a caudal fork. The position 
of the animal in relation to its shell is already peculiar. The 
mouth lies behind the middle of the ventral region and is 
directed backwards, so that, as shown in Fig. 269, the axis 
of the animal is l>ent into a U with unequal limbs. The fold 
whore the inner lining of the carapace joins the dorsal body-wall, 
which we may call the doreal fold, is situated on the dorsal 
side, and some of the soft parts are included in the fold of the 
carapace. The median eye lies a little behind the compound 
eyes, and at the bases of the antennae the chitinous covering 
forms two strong plates (apodemes) projecting deeply into the 
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body, for the attacliment of tlic ant^nnary muscles. They are 
indicated at a later stage in the plane of the paired eye in 

Fig. 270. 

After a short time passed in the cypris stage, now swimming 
rapidly and now crawling by means of its leg-like antennae, the 
larva becomes fixed with the ventral margins of tho shell 
applied to the object to which it is attached, and passes into 
the pupal stage. 

The attachment is effected by the secretion of the cement 
glands by which the discs of the first antennae are glued on to 
the object selected by the larva for its resting-place. During 
this stage the compound eyes, the abdomen and other organs 
undergo a retrogressive metamorphosis, while the adult structures 
are developing. The curvature of the axis of the larva already 
marked, undergoes a considerable increase, the region bearing 
the mouth becoming directed still further backward (Fig. 270). In 
this marked flexure of the region of the body which lies about tho 
alimentary canal, the anterior part, bearing the antennae and con¬ 
taining the cement gland, the compound eyes and the rudiments 
of the ovaries, does not participate. The result is that a partial 
separation of the body into two divisions is brought about; 
the space between the dorsal body wall and the carapace 
extends downwards (if we regard the ventral edge of tho shell 
as horizontal, as in Fig. 269) and finally downwards and back- 
words, as it follows the curvature of the posterior region, until 
what we have called the dorsal fold (Fig. 271, A and B, x) comes 
to lie near the ventral surface of the larva. 

Wlien the pupal skin is shed the remains of the compound 
eyes, the larval swimming appendages and the above men¬ 
tioned apodemes for the insertion of the antennary muscles 
are shed with it. As the result of the shedding of those 
chitinous plates a deep notch is left (Fig. 271, B, y) in the 
ventral side of the anterior end, lined but not filled by the 
delicate cuticle of the succeeding stage. The subsequent growth 
of tliis region is accompanied by a further change in the relative 
positions of the parts. The notch gradually opens out (Fig. 
271, C), with the result that the part of the body posterior to 
it swings round through nearly a right angle, the ventral margin 
of the shell being now directed perpendicular to the surface 
of attachment, instead of parallel to it as heretofore. 
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The part of body hecoiiirs elongated in tlio 

Tx'padidac into IIk; stalk (»r j)cduji<-lo and (lie ovaries and cement 
gland are contained in it. Tlic antennae heeomc slioiLer and 
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stoiikT, and soon the region around them becomes flattened 
into a disc applietl to the supporting object, though tlie com- 
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paratively minute antennae cun be distinguislied even in the 
full-grown barnacle. 
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In the Operculata or sessile barnacles the anterior part of the 
body docs not undergo tliis elongation, but inei-eiiscs very largely 
in width, its “ basis ” or disc of attaehineiit being the widest part 
of the body. In them the region of the body moiphologieally 
posterior is sunk in the wide anterior part, being surrounded by 
a fold of the outer wall (Fig. 272 6). Calcareous plates developed 
in this fold and in the wall of the anterior part below it con¬ 
stitute the shell or testa. Tlie calcareous plates of the Operculata 
are described below, but it may here be pointed out that the 
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fold in question is distinct from that forming the mantle, being 
situated externally to it, and completely surrounding the body. 

After tlie shedding of the bivalve shell of the pupa the fold 
of skin which supported it is covered by a thin cuticle in which 
however five local thickenings of chitin liave already appeared. 
These are the provisional “ valves ” of the riiell; they are always 
tlie first plates to appear, however many maybe present in the 
adult .shell, and in the Lepadidae the calcareous shells of the 
adult are formed under and about them. 

The adult Lepas, whose relation to the larva may now be 
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understood (Figs. 272 and 273) is made up of the hollow muscular 
peduncle or stalk, containing the ovaries and the remains of the 
cement gland, and of the capitulum. The latter consists of the 
manUe, or dorsal shield, with its calcareous valves, together with 
the contained body, which is pear-shaped and formed, as we 
have seen, from part of the cephalic region of the larva, to¬ 
gether with the thorax and rudimentary abdomen. The valves 
of the shcU of the Upadidae consist of a pair of large scfuia {8c) 
situated anteriorly, posterior and dorsal to them of a pair of 
ierga, and of a single median and dorsal caHna (C). The narrow 
end of the piriform body is divided by grooves into segments 
bearing the five posterior pairs of thoracic appendages. In front 
is the rounded and unsegmented prosoma bearing the first pair 
of thoracic and the oral appendages. It is connected with the 
mantle for a short distance in front of the mouth, and through 
this region passes transversely the great adductor scutorum 

muscle (Fig. 273, -3/)- 

Various modifications of the outer form 
of ilio body are mot with. In Concho- 
drrma tho mantio rcinainfl to a largo 
extent membranous» the valves being 
nxUueil in size. In Anclocma, which 
lives embedded in tho elan of sharks, the 
valvoe aro absent, and rootUko procossoe 
extend into the tissues of tho host from 
tho peduncle. Tho rollicipodidoe are 
tniiisitional between the simple condition 
of TyCpds and that presented by the Bala- 
nidao. In addition to five mantle plates 
homologous with those of Lepas, small 
oalcorooiis plates ore developed, in tho 
cuticle of the peduncle, and larger accessory 
plates at the base of the capitulum. Among 
the latter a median ventral plate, tho 
ro9trum, is situated opposite to the dorsally 
placerl conna. 

In tho Balanidae tho carina together 
with tho accessory (side) plates form the 
outer ring constituting tho Uaia of tliis 
family. The carina, detached in this 
family from the true mantle, and tho 
rostrum lie at either end of tho median 
plane, and side plates are present in vary¬ 
ing number (carino-lateral, lateral and 
restro-lateral) overlapping one another at their sides. Tho tcu(o an Urg<i 
on the other hand retain their position on tho mantle covering t e 
able posterior port of the body, and together form tho two lialvoe of t e 
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operculumy which lies srfthin the aperture of the testa, and when closed 
over the retracted thorax by the action of the adductor scuterum muscle 
forms a protection to the contained soft parte of the animal. 

The remarkable departure from tho symmetrical type presented by 
tiio Verracidae is described below. 

The mouth opens on a prominent oral cone which projects 
backwards (Fig. 272, M K). In front is the large hood-likc 
labrum^ and at the sides are situated the toothed mandibles witli 
their palps (Fig. 274), the toothed first maxillae, and the setose 
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swollen second maxillae which together limit the mouth cavity 
posteriorly. The six pairs of long, black, many-jointed, biramous, 
thoracic appendages (cirri) are curled towards the mouth, and 
richly beset with setae. With those of the opposite side 
they form a hand-like structure, which is rhy thrn.ically thrust out 
of the aperture of the mantle and swept through the water wiUi 
a grasping motion, producing currents and capturing food. 
The abdomen has almost entirely disappeared, but from the 
ventral side of it ihere springs the long probc«ciform penis, A 
caudal fork represented by two short lobes is usually present in 
the Pedunculata and usually absent in the Operculata. lii 
some genera of the former {AlepaSf Ibla and Lithotrya), in the 
Ascothoracica and some Acrothoracica its lobes are longer 
and articulated. In Lepas two or more hollow processes situ¬ 
ated near the bases of the anterior pair of thoracic feet are 
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F^arded as branchial, and in Concfioderma a similar process is 
found at the base of each of the otlicr tlioracic feet. A fold of 
the inner lining of the mantle projecting backward on either 
side of the attaclimcnt of the prosoma to the carapace is the 
“ ovigeroua frenum ** of the I^epadidae, and it is apparently a 
homologous structure, though no longer ovigerous, which is 
converted into a respiratory organ in the Operculata (Darwin) 

The tubular oesophatpia extends forward from the mouth to 
open into the dilated stomach, the walls of which are prolonged 
into hevaiic diverticula. Bending with the curvature of the body 
the alimentary canal narrows into the intestine which runs 
back, in some cases witli a clearly defined rectum, to open between 
the rudimentary abdomen and the base of the penis. In 
Alci'ppc it ends blindly. 

Nervous system. A paired supra-oeaophageal ganglion is 
present, and in the licpadidae a ventral chain of five ganglia. 
In the Balanidae these latter are represented by a single large 
ganglion. 

A vestige of the unpaired eye of the larva persists. 

A heart appears to be absent. 

The excretory organa are represented, as usual in Entomostraca, 
by the maxillary glands. Hoek described wide paired spwes, 
with definite walls, leading to apertures in the second maxillae. 
But it has recently been shown by Bruntz • that there are 
in addition glandular sacks (simple in Balanua, divided into 
alveoli in Leyaa) lined by an excretory epithelium and opening 
into tho spaces of Hoek, which are in fact their dilated ducts. 
Similar spaces are described by Bemdt in .dfctppe, but they 
are said to be closed. 

Gonerative organs. In relation probably with their fixM 
habit the arripedes are almost exceptional among Crustacea m 
the fact that they are in the majority of cases hermaphr<^te. 

The iesiea (Fig. 273, T) are branched, glandular tubes lying at 
the sides of tho alimentary canal and extending into the bases 
of the thoracic appendages. The vasa deferentia, after dilating 
at their commencement to form vesiculae semmales, run back 
to unite at tho base of tho long penis, which is traversed by 
the common duct. The spermatozoa have a rounded head and 

• Contrib. k I’itudo de rexerttion chex lee Arthropodee. Arch, ds 
Biol. T. XX (1904) p. 219. 
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long tail ending in two filaments. ** Giant spermatozoa” have 
been observed, though rarely, in Balanus pcr/oratiw, by Gruvel. 

The ovaries as already stated lie as a single mass in the peduncle 
of the Lepadidae, and in the corresponding basal region of the 
body in the Operculata. The paired oviducte open, not near 
the base of the abdomen, as usual in the Crustacea, but on pro¬ 
minences on the basal joints of the anterior pair of thoracic 
appendages. The eggs undergo their development in the 
mantle space, contained in two flattened gelatinous sacs, com- 
I)arable to the ovisacs of the Copepods, which lie one on each 
side and are attached (in the Lepadidae) to the otigerous frena. 
The mode of fertilization is described by Gruvel. In Lepas two 
individuals of a cluster come together, one of them, assuming 
the part of the male, deposits a viscous mass of spermatozoa 
on either side of the mantle cavity of the other, in the region 
of the orifice of the oviduct. The penis of a large individual 
may attain a length of 4 5 centimetres. A similar prt^css 
has been observed in Balanus. Gruvel has observed self-fertiliza¬ 


tion to occur in an isolated specimen of Pollxcipvs. 

The species of the genera Ibla and Sealpellum offer remarkable 
instances of sexual relationship. Most if not all are dimorphic , 
The species consists in some cases of hermaphrodite forms 
resembling those of allied genera of Lepadidae, but with certain 
dwarf male forms in addition, the “ coinpleme»ital males. 
In otlier cases the two forms constituting the species are male 
and female the latter resembling the hermaphrodite forms of 
their allies, though without tlie male generative organs. In 
all, the male forms are small and are attached either in a pouch 
within the scutum or elsewhere about the mantle of the other 
form. They exhibit various degrees of arrested development 
and degeneration. Further details are given below. 

The Acrothoracica arc also dioecious, the males being degener¬ 


ate and much reduced in size. 

The Cirripedia are marine animals and attach themselves to 
various foreign objects. They are found fixed, usually in groups, 
to logs of wood, rocks, mussel sheila, Crustacea, the skin of 
whales, Hydrozoan colonies, etc. Some as Lithotrya, Alcippe 
and the Acrothoracica, are able to bore into the shells of Molluscs 


and Coials. 

The members of the sub-orders Apoda, Rhizocephala and 
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Ascothoracica are parasitic. The relations between the Rhizo- 
cephala and their Crustacean hosts are among the most astonish¬ 
ing examples of parasitism to be found in natural history. 

The Lcpadidac are represented in Ordovician strata by 
examples of the PoUicip^dae, (including the existing genus 
PcAlici'pea) and attain their culminating point during the 
Cretaceous period. The curious unaymmetrical Vemicidae 
appear in the Cretaceous, but the other groups of Operculata 
are not known prior to the Tertiary period. 


Sub order 1. CIRRIPEDIA GENUINA. 

Tribo 1. PEDUNCULATA. Body stalked, with six pairs of biramous 
feet. Scuta, terga and a eartna ore usually formed on the mantle, and 
when other plates are present they are not united into an immovable 

ring. 

Fam. I. Lepadldae. The stalk is sharply marked off from the capi- 
tulum, and calcareous plates are not developed on it. The plates on the 
capitulum aro thin, their number does not usually exc^ five, and the 
terga lie behind the scuta. Hermaphrodite. Ltpas L. (Figs. 272 and 273) 
attached to floating objects ; L. anaiifera L., like most of the species of 
the genus, cosmopolitan, from arctic to tropical seas. MegaUuma Hoek, 
PoeeiUutma Darw., generally attached to Crustacea. Oxynaapi* Darw., 
Dichelaapia Darw., the calcareous plotes on the mantle are separated from 
one another by wide intervals, and the scuta and terga are deeply notched ; 
they live ottached to sea-snakes or crabs. Conchcdcrma Olfers, capi¬ 
tulum in the main mombronous, the pUtes are small end may be reduced 
to two (scuta). Cosmopolitan, attached to floating objects, Uving or in¬ 
organic. Alepaa Rang., capitulum without plates, or with horny almost 
hidden scuta; attached to various floating objects ; A. paraaita Rang, 
on medusae. Anelaama Darw., A. aqualicola Lov6n, the peduncle is em¬ 
bedded in the skin of the sharks Squalua maximua and Spinax living m 
the North Sea, the skin of the cirripode being produced into branching 
rootlike processes, knobbed at their ends, which ramify in the tissues of 
the fish. Tl»e capitulum is without plates and has a wide aperture. The 
six poirs of legs have a shapeless appeoranoo; they ore obscurely arti¬ 
culated and without setae. OymnoUpaa Auriv., pelagic, on medusae ; 
cirri articuUted and setose. ChaetoUpaa Studor, on sertularions. 

Fam. 2. PoUlcIpsdldae. .The stalk usuaUy obscurely divided from 
the capitulum, and covered with calcareous scales or chitinous hairs. 
Capitulum with numerous massive plates, frequently exceeding five in 
number ; the terga ora rather doraal than posterior to the scuta. Many 
specios ore hormaplirodito, some with complementol males, and some 
are dioecious. PoUicipea Loach, stalk closely covered with scales or 
spines ; in addition to tho five plates of the Lepadidae. rostral and lateral 
pUtes ore strongly developed, and many smaller additional plates (18 
to 100 or more) clothe the bose of the capitulum hermaphrodite; at¬ 
tached to fixed or floating objects in the warmer seas of the ^obe. 
P. aignatua Aur., occurs in BiluriMi of tho I. of Wisby in the Baltic. 
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Liihotrya Sow., with an elongated peduncle covered with sidles, ana 
eight plates on the capitulum ; the body ia sunk in the covity of the 
peduncle ; the animal lives in deep burrows which it excavates m cal- 
car^ua rocks, corals or shells ; tropical, hermaphrodite. Ihla Leach, 
attached to littoral objects in the warm seas of the eastern hemisphoro. 
I. Cumingii Dorw. Contrary to the general rule among cimpedM 
the sexes are separate and exhibit marked dimorphism. In the /emoie 
the scuta and terga only oro developed and they are not calcareous 
but homy. The peduncle is covered with spines, and the body is partly 
sunk within its cavity. The first pair of cirri is separat^ by a consider¬ 
able interval from the remainder. The maU9 are minute degenerate 
creaturee. and one or more are attached within the mantle covity of the 
female. Tlie capitulum is almost imdoveloped, but the pethmclo is 
comparatively large and tapers to a point, which is embedded in the 
tissues of the female and bears the characteristic prehensile antennae. 
The mouth parts are w’ell developed and a complete alimentary canal is 
present, but the thoracic appendages arv reduced to two pairs, apparently 
the 0th end Oth, and these are small and irregular. Tliore are well d<v 
veloped testes and vesiculao scminales but no penis. Philippines and 
Burmah, attached in groups to the peduncles of Pollicipcs mitella. Ihe 
other ppocies, I. quadnixtlHe (Cuv.), from the Australion seas, consists of 
hermaphrodite forms and "" complemnUal maU^." The liermaphrodite 
forms rc.semble the female of I. cumzn<;i» except that, like most Cirripcdcs, 
they posseas the male reproductive organs in addition to the female. Tlie 
males also resemble those of the other species except that there arc a 
Jistim t penis and a camlul fork the halves of which are divided intothrw 
segnu'iit8. The candtil appendages of the liermaphrodite form oro remark- 
ably long. Scalprllum Ivoach. presents similar remarkable instances of 
sexual relations. In the hermaphrodite or female form there are J2-I6 
calcareous plates on the capitulum and the peduncle is nearly always 
BCiuamifcrous. Ill all the living {-pocies that were known when Dnt^vin 
urot*- Ids monograph.small male fonns are attached to the number of two 
or iiH^re al>out tlie body of the other form. In some cases these ore dis¬ 
tinctly peihincnlatcd, the capitulum carries calcixreous plates, and an 
alimentary canal and d pairs of cirri are present. In 5. ornatxnn and iS. vul- 
<jarc liowevor the males arc rciluced to fluak-shapoil bodies, without ^ 
alimentary >'.Anal, with 4 minut«' calc^ireous plates, and only four pairs 
of cirri Mliich uro nonprehensile. In others again the vidves 
conipU't«’ly disapiH'ur*'il. They always however retain tlie characteristic 
cirri|M>de untcnnai", by which they are attached. Tlio more degenerate 
males are contHinrd in small pocket-like cavities on tho inner surfaces 
of the scuta of tlie « >tlior forTM, they lire without a functional ulimenlury 
canal niul it is pri>l»ahlc that many tlioso sliort-1ive<l forms successively 
oconpj tho Bcutal poucho^^. In »S. the larger form is, according 

to Darwin, feiuulo, and this may he the cane in one other species, but in 
iS. i^uhjart\ ro^irattim, peromt and villotflum tlio larger fonn is hermU' 
pliroilitc\ althovigh. possiblx* in relation to tho presence of the com- 
plorni^nt^il males, the male system of the hermaphrodite form is in 
Bomo oas* H unJt*r do\ eloped. Tho Bpeeit"^ are found attui hcil to tho 
slender brancht^ of byilr<»zoan colonics. A>\vulyari\ British and a^ljueeiit 
cotifits. Many spoeios arc found in the deep sea (over 2,000 fins.). Among 
41 now species ofSealpelluin in tho “ Challenger '* collections (about half 
of them represent<Hl by a single specimen), Hoek found the reduced 
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malo in 19, confirming tlr results which Darwin urrived at on much 
moro moagro material. 

Tribe 2. OPERCULATA« Tho- peduncle is rudimentary or absent. 
The body is surrounded by a ring of plates (testa) the entrance to which 
can l>e closed by the scuta and irrfja which together form an op>erculum 
and (except in Verrucidae) are provided with depressor muscles. 

Fani. I, Ceronulldae. Scuta and terga when present freely movable, 
but not articulating together. Rostrum overlapping tlio adjacent plates 
laterally. Raso of tlio shell membranous. The paired branchiae each 
consist of two folds. On cetacea and other pelagic vertebrates. Coronula 
Loin., attaclicd to the skins of cctaces. Testa not so high as it is brood ; it 
cpmtistsof G similar broad pieces of shell the walls of which are thin and deeply 
folded, the cavities of the folds are turned towards *uid ore filled by the 
cpidennis'of the host; terga and scuta small, not filling the aperture of 
the testa ; three spocios. PUityUpas Gray, resembling Coronula, but the 
picccft of the shell are bilohed ; in the wanner sens, iittoehed to turtles, 
Hoa^Hnakes and manatee. Tubicinetla Lam., testa much higher than it is 
brojuh formed of six amn]gainate<l pieces ; these baskot-like cirripedes 
ai*o embedded in the skins of whales in the S. Ocean, often associated 
will I Coronula halacnaris. SUphanoUpas Fiselier, on Che lone, imbneata. 
XmobalanuH SteenKtr., bIicII a shallow six-rayed ring embeod^d in the 
siiperficiul luycrn of the skin of the porpoise on which this cirripede lives ; 
the lK)dy is iniieh elongated (nearly 2 inches), and cxlornidly resembles one 
of tho l^odiincnlata, only the base of it beittg contained in the shell ; it 
consists liowovcr of tlio elongated inantlo tho cavity of which oxten<ls 
down to tho cavity of tho shell; the margins of tho aperture are roflexed 
forming a collar, and there uro no shell plates ; N. Atlantic. 

Fain. 2. Balanldae« Scuta and terga frc*cly movable, and articulating 
with one another. Tlio pained brnnehiue each consist of u single fold with 
aubordinate lateral folds, lialanus Lister, tc^ta cylindrical or conical, 
insisting of 0 picccA ; from the up[KT limit of tho tidal zone to 50 fins., 
in arctic to tropical seas throughout thn world; 41 spocios. Acasta 
I^uch, lives attached to sponges. TttraclUa Schuin., U'sta composed of 
four piec^es (carina, rostrum and 2 lateral) pernloalet 1 by pores ; T, 


poroBu GnicL, tlio numlier of iM'gincnts in the cirri is very variable. 
J^lminxus I>oiich, tesla eompos<.Mi of four pied's not porous. Pyrgoma 
I^wh, testa funned of a singlo piece ; tho scutum unci tergum of each 
Bido arc more or loss completely joined together. Lives eml)eddrKl iri 
corals, cliicfly in tropical sous. Creu^a I-^*ach, Hko Pyrgoma, but tho 
tosto Consists of four pieces. Ckelonobia Ix*ach, testa of 6 pieces, one 
of thoin consisting of tho rostrum and two rest ro-late rat elements united 
logotliur. Tho piocoB are thick-w'alled and not infolded from the base ; 
^uta luuTow united to tho t<»rga by a homy articulation ; attacluKl to 
Crustacea and smooth gastropod shells, throughout tho warmer 
tropical seas. 

Fam. 3. CbthamaUdao* Rostrum ovorlappcd laterolly by tho lid- 
jooont plates. Chtiiatnaltis Ranz., CluttnaeMpho Darw., Pachylasma 
^arw. found in deop wotor. Ociomcris Sow., testa fonnod of 8 pieces. 
^oiophragmus Bow., testa formed of 8 largo pieex's, with iinbriiated series 
? ®^aller plates tiot round about them, becoming smaller towards tho 
Littoral; W. Indies and Australia. 

4. V4|TUeldas« Scuta and terga without dopressiJr muscles. 
inoBe of ono side only (right or left) move frendy, their folh^ws having 
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coalesced with the raritis and rostniiii to forii) one nnsyininotricnl ring 
of 4 platee, resembling the testn of other OpcrtMjlata. Tim four apeeiea 
of the genus Verruc/i which const it tito the living reprcs4mtuti%'r>< oi this 
family present a remarkable departure from tlio bihitoriil Hyriiinrtry 
charactorislic of other CirriPsdes. Siiperficii^lly the shell appears to l>o 
formed on the same plan as in other Opi^rciilata, but the cjpereuliiin 
which lies in the aperture of the shell is fornird of the sentiini und 
tergum of one side only, those of the otlmr sido luiving bikeu their 
places in the outer wall of tho shell, which is coinpIet4Hl by the curiim 
and rostrum. The prehensile antennae of tho lar\'a are silmit^Hl at almiit 
the middle of the (membranous) bjisis of tlm Himll, but tim butly (d tho 
animal, w*luch is symmetrical al>out its own median piano, lies on its sido, 
with that plane parallel to the surface of attachment. Tim early larval 
stages are symmetrical and tho tergaaml scuta of opposite sides an^ alike 
at their first formation. Tlie loi>osof tlio caudi^l fork are iiuuHiiuily long. 
The shape, mode of growth anil articulation of tho tcrgtiin ami KCMiturn 
show* affinities with tho Lepadidae. Tho slu'lls an' generally uttjudied to 
living l>odie8 and are found down to a deptli of IK) fat)u>tus, fniiti Icx^Iand 
to Capo Horn. V. stromia (O. Mull.) is Hritish. A fi>asil H|>ccies is 
found in the Chalk. 

Sub order 2. ACROTHORACICA. 

Minute Cirripoiles of st'parato sexes. Tim frmalrs are eiH'loseil in o 
flusk shapoil mantle bcfk't with rhitinous piunt?* ami live in hollows whieh 
thi\v excavuto in the shells of Molluscs, l lu' thoracic appendagi's of tho 
first pair are palpifiinn or nulirui*ntary, und two ti> four pairs of i'irriform 
feet are iHjnio at the posterior end of the body. Thv intiTinediate appen¬ 
dages are absent. Mouth parts and alimentary canal usually well 
dovolopcHl (the Intfor ends blindly in .-1/cippe). The males wlicro laiown 
ufi' ctwarfoil, without alimentary canal, ami Sjx^ml their short existeiico 
attaehed to t\u> mantle of tiu' female. 

The genus 0;/pfophuihiA was placed in a distinct order of Cirripedos, 
the Al>dominalia, hy Daruin on tho indication uffortlod by tho apparent 

gnu*ntat ion of the b'nly. As seven si'gmonts eippoar to intervene bo- 
twtH*n that l>caring the maxillipeds (first thoracir) and the region from 
whii h tlic tlmee pairs of biramous appendages, at the posterior end of 
tlif body, ariJKsit S4N*med evident that tho latter could not Im homologous 
with tlio 4th, Tith and 6th thoracic appendages of other Cirripedos. 
Theri> nro ho>sover reasons for not regaixling tlie a]>parcnt segments os 
iiulitative of tlio (rue s^'ginentation. The disc by wluch tho adult is at- 
bu hckl to its hurri»w must include, at its anterior end, tho rt'giim from 
whi( li the lirst antonnao of the pupa sprung (the 1st ant<*nnary segment); 
yet tho disc in ln»rne on tlm npp*ur<*nt segn»ent posterior to that bearing 
tlie nuixiilipCils together with tlio other oral appendugi's. Hence, in tho 
niOerior f)urt, tho apparent is no piido to the true s^'guiontation.* Tlio 
close rt'scfublunct* lH‘t wt*y?n fVi/p/opAiVi/rz^ and Alrippc was fully rocognired 
by l»ar\vin, lunl the subsoriimnt discovery of and Kochlorine 


• The sanic argument applies t^> Prat^rth tlm n^presentatii e of tho 
folh'wiiig suh-onl*'r. In it tlio lar\‘al antennae ]>ersist thruugluuit life, 
uHil ure henie Indiind the rnoutli on the sei.'Ontl ring i\a ieuheated by tho 
Hi4K.'rlieial apjK'iiriiuct of seginentat ion. 
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link tlio«o gcnom oven moro trlosoly together. In them, as in Alcippt 
lliorn is no np|MNiruiiro of tlio scginrnluHon of tfio aiitorior part of the 
body indicated in VrupUiphiulus. If wo dinrogurd this apparent sogmen- 
tiition, the four g<n\om fall Into a natural group for which tlie name 
Abdominalia becomes niisloading and for which (Jriivol has proposed tlie 
name Aerothoruci<'a, in alluMion to the fact that the terminal feet are 
confined to moro or fowor of the apical (tonninal) segments of the 
thorax. 

The group so formed has ulHnitics, as pointed out by Darwin in the 
COHO of Alcijype.^ with tho Lepadidae. There uro however indications that 
tliey belong to a more gencralivu^d typo than any of the Thoracica. If wo 
take tho oral end of tho disc of attachment ns representing the region 
of the Ist ontennary segment, there is no such wi<lc seporation of the 
mouth from thi^ region us occurs in that group. Henco tho relations of 
tho parts of tho 
adult body are 
moro nearly those 
which obtain in 
other groups of 
Crustacea. Associ¬ 
ated with tho samo 
condition is tho fact 
that tho fold (Fig. 

271 z) botwcon tho 
mantle und tho 
dorsal body wall is 
not extended into 
tho cephalic rogitm, 
dividing it into an 
oral and proiiral 
part, 08 occurs in 
tho metamorphosis 
of the Cirri piHl in 
Oonuina. Tho pres¬ 
ence of an articu¬ 
lated caudal fork 
in Lithoglypus and 
KoeAforine is a 
generalized feature 
which thoy share 
with Lt7Aoirya, /6/a an<l Altpas among the Pe<hinculala. nern<lt • iias 
recently brought ovidonro to show that the appeiidugcs which have 
i>oon regarded as tho caudal fork in Alcippt aro the iUU pair of thoracic 

nppendagee. 

Pam. 1. Alcippidae. Tlio females (Fig. 275 6 ) live in h<aiows in tho 
columella of tho shells of Ftisus and Buccinum (DriliHh) to the wall of 
which they are attached by a largo horny disc, tho piano of uhich is 
parallel with that of the ortfico of tho bur^w. Their po.siti<m in relation 
to the surface of attachment is tho same a» that of the pupa of Lepas 
(ch Pig 0 . 270 ond 270). First pair of thoracic appendages largo and 
palpiform, and tho three posUTior appendages uiiiramous 1 hey pro bub y 




Fin .2 
ni 


. 276.^Alnprefarnpas (After Oh. Darwin), a, malo/vcrv stronglf 
lAKiimcH! : 6, luiijjUoiUnal s rtlon lUrtamh foiniilr. .4 uu* right 
..111 luiA (iU*! U’ii llio Irnii^paieJit ixxlyi; (/ 

Ihrci* iMwivrior p.iin> <»f ; /> l<»be of tho luarjiu*: 

iii.%xilUr>cJ (first tlifirsctc nppeiiclaMo) : O oyo; Or ovary ;/ 
iifojecthic from the «»ritko uf the flast-Bhap *l 
iUc lowor (ssitorlor) enU of which is sjiuohM T tho U*sllii ; 
F# •oinlfwl vwklo. The tJikkcoed hAinl to the Ml of Op 
U ttic ucctlon of the Urtfo dbe by whkti AUippe b alUcrica 
to tlu; wnU uf Ita burrow. 


• Zei^M. fiir wi98. Zool., Hd. 74, p. 390. 
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represent the 4th, 6th and 6th thoracic appendages (tlio 2nd and 3rd being 
at^nt). The dwarf males (Fig. 275, a) arc without aUinontary canu^ 
and hence are short-lived, and have a long proboscifonn penis, ^voral 
may be foimd in the neighbourhood of tho upper port of tho disc, dicippe 

Hanc. A. iampas. , , a .. 

Fam. 2. Llthoglyptidae. 3 spp. of the smgio genus j^Uiogti/pte* Aur. 

have been described by AuriviUius, living in burrows which they excavate m 
coral or in the shells of molluscs. There are 6 pairs of thoracic nppenUngM 
the 2nd only being absent, ond 3-4 jointed caudal appendages. The 
plane of the disc of attachment is nearly at right angles to that of tho 
orifice of the borrow. Alimentary canal complete. E. Indies. 

Fam. 3. Cryptophlalldae. Three pairs of birnmous cirrifonn feet at 
the posterior end of tho body. Cryptophialua Durw., C. mttwtua Ihirw. 
The female attached by a disc, as in .Ifcippe, in the shell of tho gawteroiHKt 
Concholcpoa peruviana ; W. coast of t>. America. There ajipeur to >0 
10 post-cephalic segments of the body. Tho anterior thoracic apiiemla^ 
nidimontary. Alimentary canal complete. Tho dwarf uuiIck rt's. iuhla 

those of Atcippe. . xt u 

Fam. 4. Kochlorlnldae, contains tho single genus Koehlonnc Noll., 

K. hamata Noll.* in the shells of Haliolia and other luoUusrs. at C.\uh 2 . 

Female attached to tho edge of its burrow by hoolc.** only. Tho ho»ly not 

definitely segmented ; anterior thoracic appendages largo and polpifona. 

08 in Alcippt. Behind tho large cirrifonn feet is a pair of jointed eauihU 

appendi\gc9. not cort^iinly kiii»'vn. 


Sub-order 3. APODA, 

With tlie characters of the fiiinily. 

Fam. Proteolepadldae. Proteohim->bicinr(aT)ixrw\n,t^\^ represimhi- 
tivoof tliis sub-order it* a magg.d-liko animal about 'thof an melilong, 

which lives attached by its antennae in the maulK- eavity of the pedimeuIaU* 
eirripede corHKliw. Tlu‘ antennae have the chametoriatic Cimpt o 

shape, hut the niiuitle and ull appendages, except those of the movith.iire 
absent, and the hodv is divided, by con8trioli<.ns. into 11 rings, which how¬ 
ever, in view of the fuvts tlmt tho mouth, u ith its 3 pairs td appeiulag^ 
is home on the llrst ho.ly ring, and the antennaooii the second, eannothe 
regarded ns representing priinavy segments. It iS hermaphrodite on t 
body is mainly occup'-'d l^y the largely develoi.ea ovaries. The inontli 
aurtoriul and tlie uliiiK‘utury runul onda bliiidly. St. ^ inwnt, W. n 


Suh-order 4. RHIZOCEPHALA. f 

Tlie Rhizooephala are parasitea on Malacostmoan, and 
niaiulv on liecapod Crustacea. In tho adult state they con- 

• Noll. V. C.. Koehloriuo hamata N. ein bohrondes CiiTii>ed. Zetta. f. 

Zo<.i, Bd. 25 (1874-.'>). p- 114. 

+ W. I.illiehorg. Les genres Liriopo et Peltona^ter. Now Acta, reg- fOC. 
acient., I’psala, Sor. 3. vol. iii.. bStiU. Fr. Miiller, Dio Rhizoeophaliden. 
Arch, /tir Natunjeach.. iHf.'J and IHtiS. R. Kossinann. Beitra^ z«r 
AnaUuuie d*'r sciimarotzoiidon Rankfnfvissler. Verhandl. tier t^jl--pny»- 
Oeaellach. Wiirzburg, Neue Folge. Tom. IV. Yves IXda«e. Evolution 
do la Sa"c\iline. Arch, de Zool. Exp., 2 Ser.. Tom. II.. 1S84. Smith, U., 
Rhizoeephttla, Fauna u. Flora d. Oolfea txm Ncuprh, Monog. 20 (1006). 
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sist of a swollen body, which projects from the host through 
an aperture on the ventral surface, and of a system of roots 
which ramify through the tissues of the host (Fig. 277). As 
in the case of the Cirripedia Genuina the structure of the 
adult is best elucidated by the study of development. 



Fio. 27fl.—{-..nMcutUe UrvaJ itARcs of earHui (from LanR, after DclaKc). A, 

tiAUpUtu after firai moult: B, freo ; C, CypriB-Btap^ aiUf Vic tar a 

liaa iK-comc utiacKcd tc ascU ib b) of the host; D, formatloo of the Knulrogon Ufva , a, 
tljc Kcutn^on larva after the Cyprii »Iull haa been thrown off ami thu i>oinU‘J procc« 
formed ; P, the procoos hoe pierced the cuticle of the host. i i ,«« . 

1. Z. 3 tbo nauphua UtiiU ; I-Vl the thoradc lUnhs of the CyprU eUjic; ab abdomen, 
bb Beta of tbo boat; / fnt globules ; ft frontal sensory organ ; gl glands of the iroiiiai 
byns; ov rudimeut of the ovary ; pf pointed process; ua naupllus eye. 

Much light has tioen throvn on tho fttructure nnd lifo-hwtory of 
Kfoup by the luimirablo roeooixjhofl of Yves Dclago on Sacculina aircini 
Thoinpg. In tho naupliue larva (Fig. 276, A) the mouth or^cl alimcutury 
canal uro absent, but a masa of ** primitive ova can already l>o distin- 
gtilalied. In tho CypHs stage the anteiiimo are prehonsilo and bear two 
largo Bt^nao orgafs, and the 0 pairs of biramous Hwiinming logs are well 
duvoloped. AfUTewimming frooly for two or tliroe days the larva attaches 
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itself to A youn;; crab, most frequently (in the ncighbciurhood of Rpscofl, 
whore Deluge curried on his rosH'arelu^s) to f'arcinu# »m>rna.'». 

The larvft gras;>s the huso of one «>f the' enib’a setiw' with one of itfl 
antennae, and there remains aitnehed (Fig. 'J7<»,C'). 'J bo wh‘)lcf*f thepoe- 
terior parts of the body of the larva in. buUng the swinmiing appaidiigee 
and their nmscles, together with llio eye, gungli.jn and excrobny organa 
now l.reak down and are sheil by rupture of th.' ecttHlenn. Then* remain 
the ectoderm, which is rapidly mode whole, the nuiaa of primilivo 



Fl.i -J./ in nfi -n th-' h-t ir-m Unffaft-r ft -‘'"S'-’'-'niit ic 

iui! lo I> i.iC. ■ f‘r iMii. hi.!, d intctiiiaJ ait‘l / h.-p:.*"* n-c'-i's nf t!..- cr.h. to inc 
l.i-iix i> ll'<- pi'-licl.- ■ ( Ihf* s-imiiino (external), wjl-.oil.ir mvinl-raiic from which Iho 
r- I- - f t!io p;ira.-it*' throticlxoit the hoily, 


ova aiol a simiH iminbcr of other ine8-.bla''tie rolls (Fig. 27»i. D, E). 
T)u* hixulve slo-U of the Cypris stago is also ^hed. but the antenna 
renmins e-.niurtod ut it.s bn.se ui*b the new cuti.-le ee.ivted by the 
ert.i.Jorm, and still holding on to the eeta.^ Tliis pmeess is com¬ 
plete.) in als.ut .*1 hours. The soft parts now shrink away from the 
anterior part of tho oM euticlo aii-l form a now on.' within it. The 
new .-uliel-- is produce.! in front into a pointed process open at the end, 
and l.i-l. nd is invi.giiiated an.vind tlu' base of llie proerss (Fig. 276, £). 
At tlii.s hlage t)io young I'irripe.le is known as tho KetUroyon lart'a. As 
growth pr...re.is the 1>ase of th.' process lK.'rt.mes evaginatecl. xvith the 
lesiill fliat its point is thrust fi.rward along tho Ik.IIoW .intenno (Fig. 
•J7C. F) and pi.-riTH tile soft cuticle of tlio crab at tho tniso of the seta to 
wlii. li the larva is uttneluHl. The soft parts of tlio larva, consisting of tho 
mass of primitix.' ova and otlier m.'sohlast celh, Rurroiinde.1 by a layer of 
l■et-».^.•rm, now travel along the hollow protesoof the cuticle and enter tho 


bo.ly of the crab. 
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At Che etege at which this rcniarkuhlo Cirripcde can next bo rccogniz^ 
It hae token up ita position it\ tlio (xumoclivc tissue of ita host between 
the mtesUiio and t!io tnuscles lying in the ventral wall of the alxlomen.* 
ifUemo^ Saceulina, us it is now colled, consists of a rounded mass of 
cells, containing u min\ite compact body, the primitive ova, and con¬ 
tinued at ita edges into lung root-Ukc processes which ramify throughout 



rip t78.^r,o-.^ituaiasl .octlom through two of 

iifom Kor.^ it sad lUldor mfi^r DeUgf). A 6‘^W.rm ; 

s^um (wia«iilug of iho oviduct); am «ut«f maotlo Uyer . 0 ^ ^iir 

B b«u| meiubrmos ; O oeotrsl Inmaar ; cl cIuscaI opcolDg « JinaHon 

osnMoi idandA ul the ovsrUn cac ; / auorturc of th© pcrivU<^raJ ;?-** , * vUccral 

mjotUUyof. £, bodf^wall of hod: oa ovary; P 

setedarmal layer; R root proccwca (aome lo croM acctlon); f fuditnent ol xaica. 

the aoft iiMuoe of tho ho«t. even to the tips of tho oxtromitios The crah’s 
heart and branchiae alone are free from tho ranhfirations o i piirosi 
(Pig. 277). A» the centrnl nmM elowly growa, it Wginn in tiri.o to pr^ 
against tlio ventral wall of tho alxlomen of the crab, w iic i s<) ns t 

• Mr. O. Smith hQ« rocently recognize-! tho puraeito /,V?.7Vrnn? 

not more than 2 min.^in diumeU-r, and lay conHiderobly lu front 

of iu final position. 



CRUSTACEA BNTOMOSTBACA. 


432 

gives way before it. Through the aperture bo produced the body of the 
parasite projects into the outer world (Figs. 277 and 278, B). 

The Saecutina now enters on its final phase of existence in which it is 
known as the external SacctUina. It forms a flattened oval moss about 
the size of the terminal joint of the little finger, whose long axis is trans¬ 
verse to that of the abdomen. It is connected with its host by a short 
pedicle which passes from one end of the shorter axis through the abdom¬ 
inal wall, and is continued into the system of roots (cf. Fig. 278, B). At 
the opposite end of the short axis from the pedicle is the cloaca, which, 
until a brood of young has been produced, is closed by a chitinous plate 
projecting at the sides, beyond the lips of the cloaca. Tliis leads into the 
brood-cliamber (Fig. 278. B, 6) surrounding a central visceral mass which 
projects from the region of the pedicle into it. The wall bounding the 
brood-chamber externally is known as the mantle. It is connected with 
the visceral mass by a mesentery which is of small bniadth but ex¬ 
tends from the region of the pedicle nearly to the cloaca along the side 
which is turned towards the right side of the crab. The Sacculina thus 
lies in a definite relation to its host. In the visceral mass lie the large 
paired ovaries, the ducts of which are connected with inultilobed digi¬ 
tate cement glands (dr) and open on either flattened face (Fig. 278 B). 
Near its base lie two cylindrical testes. The vasa deferentia open into the 
brood chamber. A ganglion is situate on one side of the plane of the 
mesentery in the visceral moss and supplies nerves to it and to the mantle, 
which they reach tlirough the mesentery. 

According to Dolage's view all but the first batch of eggs ate fertilized 
by the spermatozoa of the animal which produces them, and tliia is effected 
before the ova leave the oviducts ; the spermatozoa finding their way 
into the latter from the brood-chamber. Wien a batch of eggs is rip© 
the cuticiilar lining of each of the cement glands is shed all in one piece, 
and the miiltilobod digitate bag so produced becomes distended with the 
eggs in its passage to the brood-chuiulier. Tlie two batches of egg© each 
iMiitaliasl in its cuticular sack, lie in the brood-chamber on either face of 
the liiittoiied visceral muss. They ore hold in position by minute hooked 
pruinincncea (rfttnacu/<t) which project from the inner lining of the brood- 
chumber, and are supplied with o.xygen by the reguhu* contraction of the 
mantle. From the eggs emerge the nauplius larvae above described. 

It appears that no very long time elapses iK'tweou the entry of the 
parasit<« into the crab and its taking up its position under the gut. Accord¬ 
ing to tb'lage the Sacculina becomes external at the age of 20—22 months, 
the lH»st being about four raontlis older. The first brood is pro¬ 
duced four montlis later, ond other broods succeed, during the summer 
at intervals of 4 or 0 Wi>eka. A Sacculina becomes external and begins to 
produce broods in the late summer, and the production of broods is con¬ 
tinued during the next summer. At tho end of this second summer, being 
ogtMl rutlier more than throe years, it dies. While the Sacculina is ex¬ 
ternal and producing its broods of nauplii the drain on the resources of 
the heat is grx'atest, and tlie Crab does not increase in size or moult 
though it is not necessarily prevented from producing its young-* 


* In the case of the crab Inachtis which is infested bv a species of 
■Soceuftmi, permanent infertility results from the action of the parasite- 
Cf. p. 446. 
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The effect of the prosonce of the parasite on the host is referred to 
on p. 445. 

It rematiis to notice the fact that when the Socculina has become ex- 
ternah but before the plate of chitin has disappeared from the cloaca! 
openings numbers of Cypri$ larvae are found to attach themselves by their 
antennae in the angle between the mantle and the projecting edge of 
tlie plate covering the cloacal openii\g. These have not been seen alive 
and nothing is known of their internal structxire beyond the fact that they 
do not shed their swimming appendages or develop the pointed process of 
the cuticle formed by larvae which attach themselvee as parasite®- It is 
conjectured that these larvae are malee^ which in some way, at present 
unlmown^ fertilize the first batches of ova. 

The name Rhizocephala and the term mantle as above used imply 
definite homologiee with the parts of other Cirripedes, and the question 
arises, How far is the of these terras justified T Notwithstanding 
the complexity of the metamorphosis undergone by these remarkable 
Cirripedee there appears to be nothing in the life-history to render unten - 
able the view that there exist in the fully formed SaccuUna parts cor¬ 
responding to the mantle smd the head region of other forms. 

With regard to the mantle, its relation to the visceral mass bears no 
doubt a certain resemblance to the relation of the mantle fold of other 
Cirripedee to the contained body ; but the account which Delsge gives of 
the origin of the layers lining the brood-chamber, by delamiruUion from 
an outer epithelial layer, lends no support to this homology* Tlie ganglion, 
again, is formed as an ingrowth from this same outer layer, not in the piano 
of the mesentery but on one side. ^ 

It must be confessed that the homology of the ‘‘mantle ‘ of the 
Rhizocephala with that of other Cirripedes is uncertain ; and if this is 
uncertain there is no satisfactory reason for regarding the pedicle and the 
region from which the roots spring os anterior. 

The name Rhizoctphala therefore, though retained here as that by which 
the group is usually known, implies a view of the homologies of the adult 

structure which is at least insecure. 

The Rhizocephala, parasites of other Crustacea, are themselves liable 
to be infested by members of the Epicarida, a parasitic group of the 
laopoda. 

Fam. RhlzocephaUdae. Degenerate Cirripodos, parasitic on Crust^a, 
and undergoing a remarkable metamorphosis. PtUegasUr Rathto, 
irregularly cylindrical, uncompressed; cloacal opening anterior in relation 
to host; on Decapods Anomals. Partheruypea Kossmonn, roughly 
spherical, mantle opening lateral; on CaUiaf%assa and Qebia. Sacculina 
Tliompeon, much compressed later^y, cloacal opening posterior, on 
Decapods Brachyura. iitierpscccus Q. Smith, like Socculitui^ but wit i 
the mantle opening widely gaping; on Decapods Brachyura. 
diseuM MUller, mantle expanded laterally into lappete, opening posterior 
and median; on Decapods Anomura. Triangula* O. Smith, roeembjee 
Ltmaeodiswit in many reBp<‘<-t8, but mantle opening asymmetrioally 
situated; on Decapoda Anomura. Sylon Kroyer, egg-Bhi 4 >ed, m^tle 
opening paired, anterior ; on Decapoda Macrura. Clistotaoeu* Lilljeborg, 
irregularly oblong, mantle opening absent; on Decapods Anomala. 

Inoertae sedia. Duplorbi* Q. Smith, on the leopod Calathura ; ApeUe* 
Lilljeborg j Thompsonia Kofasmacm } ThylacopUthu* Coutidre. 
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Sub-order 5. ASCOTHORACICA* 

Tli68e ore parasitic* hermaplirodita or dioecious Crustacea generally 
living embedded in the tissues of their hosts. They are perhaps allied 
to Cirripedes but present no very clear affinities with any of the other 
sub-orders. A nauplius larva is found in Laura^ and in Dendrogaster a 
later leirval stage is Imown which somewhat resembles the C 3 T)ris larva of 
the Cirripedes. The antennae are, however, formed on a quite different 
plan, and no peduncular attachment is found in any of the four genera. 



no. 270.— laiifo gfrardiae Locare-Duthlem. a, body partly removed from the f; • 

paplllft Irom the outer purfare of the wick : e, complete eacit nttarhed to the ekeloUl sum 
ol Otrardia [0), with the orifice towarda the apc.'tator, and In proflio. a^ nntennac: /c*u« 
dal fork ; F hepatic diverticulum cootAloea tetween the layers of tho mantle ***^* ,^'^ 
Aupra^>«eopha(rcai (zangUoD ; i Intefitlne ; </ d (?) male oriftc© : o 9 feniaJe 
o^nioff ol AAck ; ia a, o fihowB the poeitioo of the opeolng; op ovary; r veswB. 
(From Uruveh after Lacaze^Duthior?.) 


The single pair of antonnoo are short and pointed and tho mouth porta 
arc containo<i in an oral cone. Five or six poire of appendoges* aimple or 
biromoufi (obsont in odultof Z)€ndroj 7 <Mfcr), succeed and a pointed abdomen 
may bo pn>sont, terminating in a caudal fork. Diverticula of the 
alimentary canal and tho ovaries lio between the layers of the mantle. 

LfOura gcrardxae Locaze-Duthiore (Fig. 270) • lives enveloped, except 
for a small orifice, by the poljTps of tho colonial antipatliorian fJerardin, 
L.-Duthiers (iSacay/ia Nardo). Theenortnously developed mantle, or sack, 
contains between its folds the ovaries (<w) and diverticulo of the ali¬ 
mentary canal { F), and its svirfoce is besot with prominences (6) Embedded 


• H. de Locazo-Doth tors, Histoire de la Laura gerordioe, 
FAcad. dca Sciences, T. 42, Paris, 1882. 
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in the ii8»uo» of tlio Gemnlm, from whicli it appears that Laura derives a 
largo port of its nourislimonl. Thoro aro 6 pairs of uniramous thoracic 
appomingos, and a 3-sogmciitc<l abtlomon^ ending in a caudal fork (/). Medi- 
torrancan« DendrogaeUr • astcricola Knipowitsch, parasitic in the body 
cavity of EehxnatUr eanguinolcntus and SoUuter endtea. The greatly 
dovolopod mantle of tlio female (of which alone the adult is known) on- 
cIcHKM tho body except for a small aperture, and is produced laterally into 
five irregular lol>68, wliich, os m Laura^ contain the ovaries and diverticula 
of tlio 6t4>mach. Tho alimontary canal ends blindly. The mouth parts 
oro roducod, and other appendages aro absent in the adult. The larva 
cmioH a greatly dovolojicd antenna consisting of four short stout joints, 
without a suckor but bearing a long whip^likc olfactory appendage. There 
aro 6 pairs of long setose thoracic appendages (the Ist thoracic being 
absent, according to Claus) and a long 6-jointed abdomen. White Sea. 
Ptiraren hathyacUdis Fowler, in tho mesenterial chambers of the coral 
PaUiyactis »ymmcirica obtained at a depth of 2,300 fathoms, off Japan. 
Tho rnantio forms a bivalve shell. The abdomen is rudimentary. 
Hormajihrodito. Synagoga mira Norman,f external parasite on the 

surfaco of tho colonics of Antipathf^ larix Ellis, at Naples, with 0 pairs of 
biramous thoracic appendages and a welbdevoloped caudal fork. 


Sub*cla$6 2. MALAC0STRACA4 

Tho name Malacostraca was given by Aristotle, as explained 
above (p, 360), to a group of Crustacea now classed in tlio 

Docapoda- § 


^ Knipowitsclu, Belt. z. Konnt. Ascothoracida. (In Russian, with 
Oominn abstrm t.) Tran. Soc. Nat. PeUrsbourg, T. 23 (1892), p. 134. 
t Pr. Rpu, 1887, p. 80. 

♦ tho works of Latreille, Milne Edwards and Dana com- 

1 ‘ Malaco$traca podophthalnxa Britannxac, London, 

Th. Bel I,'A Huftory of the Drilieh stalk^eyed Cruetacea^ London, 
n a Heller, Die Crustacern dee eiidlicken Europa. Wien, 1803. 

• Dponco Bate and J. O. W'estwood, A Hietcry of the Britieh Beseile-eytd 
y^iacea, voU. I and II, London, 1863-08. G. O. Bars, Hut. naturtUc d. 
rujtacai (feau douce dc Norvige, Christiania, 1807. Id. An account of 
, 0/ Norway^ vol. 1, Amphipoda, 1895, vol. 2, leopoda. 18JI9, 

p. Cumocea^ 1000. Y. Deluge, L'apparcil circul. dos Crustacea 
^j^tophthalmes marina, Arch. Zool. exp. et gen. I. ix, 1881. Faxon, 
^ Embryological Monograplia, I, Crustacea, Mem. Mus. 

Harvard CoW., Cambridge, Mass., 1882. A. Oerstaeckor and 
Igjj/Crustacea Malacostraca in Broun*s Thierreich, Leipzig, 
jjwl. J. E. V. Boas, Vervandtacliaftsbez* dor Malacostreken, 
J^rh. Bd. VIII (1883), p. 485. E. Korechelt u. K. Holder, op. 

J. Hansen, Zur Morphologio der Gliodmasson u. 
nn laa 1^1? Cruataceen u. Insocten, Zool. Ameiger, I, xvi. (1833), 
W. iy.J^I98 and 201-212. T. R. R. Stobbing, Crustacea. London, 1833. 
\*L H^itr. z. Morph, d. Crustacoon, Arb. Zool. Inst. W'tcn. 


T* Caiman, (5n the Classification of the Crustacea Mala* 
®^traca, ns %t ww 


Hid. (7), xiii, 1004. 

^ Contente the Malacostraca Jhoro adopted. 


see the Table 
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Some JIalacostraca (e.g. Tanaidacea, Cumacoa) are small, 
but many attain a much larger size than any of the Ento- 
mostraca. 

In contrast with the varying number of segments in the post- 
cephalic region of the body met with in the several gn)up8 of 
the Entomostraca, and especially in the Phyllopoda, the Mala- 
costraca possess a constant number. Eight segments arc 
found with great uniformity in the thorax, and seven, in¬ 
cluding the tclson, in the abdomen. Tliese regions arc clearly 
marked by the character of their appendages, and frequently 
by the difference in tlio mobility of their segments, those of 
the abdomen being the most mobile. The only exceptions 
to uniformity in the number of segments arc met with in the 
Leptostraca {Nehalia and its allies) which arc in many rc.spoets 
intermediate between the Phyllopods and the Eumalacostraca, 
and hav'e 8 segments in the abdomen ; in some aberrant forms 
of Amphipoda, w’hoso relation to the main body of the order 
w'hich conform to rule is undisputed ; and in the Decapod Lewifer^ 
in which the eighth tlioracic segment is not differentiated, and 
its appendages and those (d the seventh segment arc absent. 

In tho stereotype.1 nunilx^r of the sejimonts of tho n'giona of the l>otly 
the Mttlaoostrrtc’o nmy bo cornperoil with tho Insocta, wl»ich occupy a 
corrosjii'iniling[wsition at thohemlof tl>o Antennata. A similor nnifoniiity 
in tho number of sogmoute, wliich privsonts great variation in tho lower 
members of a phylum, is found in tho cervical region of mammals 
among Vertebrates. 

The head is marked off from the thorax by tl>c character of 
its appendages, and in the least differetitijitcd Malaeostraca 
Nehalia, (?) Aiinspides and the Holotrophous Schizopods * 
by a groove between it and tho first thoracic segment. 

A dorsal shield is present in many groups of Malacostraca 
inv'cstihg some or all of the segments of the thorax. In Nehalia 
and the Lophogastridae the shield appears to bo a purely cephalic 
structure, a fold of the integument of tho dorsal and lateral 
regions of the head, and the thoracic segment-vS, though covered 
by it, do not participate in its formation. In the other shield- 

• In Sara’ figtiro of Onalhophnit-na lomji^pina, in the ChaiUnger 
Monograph on the RebiropoJa (PI. 8. Fig. 17) the first thoracic segment 
appears to bo limited in front l>y a definite groove, wlxich would thus 
separate the cephalic and thoracic roKions. If tliis is the case tho dorsal 
shield in this genus is a piu-ely rophalic struct uro. 
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shield its edges always project freely, mvestmg the s^es of 
the thorax more or les.s elosely, and 

be eonverted (Cumaeea, Chelifera, Decapoda) mto a lesp.rat ry 

'’'r^'^apidea. Isopods and Amphipods a dorsal shield is absent 
and in thTtwo latter orders the first thorae.e segment ( n the 
Laemodipoda the first and second) is completely fu wi 
head, forming a short ccphalothorax. „htlomen 

Behind the last appendage-bearing segmen 

there is in most Malaeostraca a simple mrf.an plate.^^the 

telson, with the anus opening on its ven ra s transverse 

forms (Aa«,ona),the telson is incompletely divided ^ " fj^lm 
suture' In the Leptostraea two setose 

larva, project backwards, one on ^ "d 

stituting a caudal fork of the t>-pe found in the P*'^ P“ 
Copepo5s. This structure recurs in the larval ^‘“8- " 

Mysklac, the protozoea stage of P.naev^, »n-i -n a larva wind 

has heaix referred to tlic Stomatopods (p. ouy). 

Hea“ app ndages. Unlike those of the Entomostraoa the fi st 

the Malaeostraca are ^-<1“-“^, 

raniouB in the adult, though uniramous in the f 

cyst is present in the basal 

Laring a inany-jointed hagellar ondopodi^, the tW 
BCgrnentsof which arc generally enlarged. The ^ 

prcBent usually consists in the adult of an oval 

^segmented scale, frequently fringed "'l^r^'^The a te" 
in Cumaeea. Ainphipoda and most Isopoda The ^^^enna y 

(excretory) gland opens (except in Isopoda. where it is want g) 

In the vTntL aapTct of the proximal segment in cases where 

the protopodite consists of two segmenU, on the second who 

it consists of three. , , . 

The basal segment of the mandible is produced inwards into 

a prominent masticatory lobe, working against its fellow. 

shape of this lobe presenU considerable modifications. It y 

be simple, as in Astacus, but it is often produced into two pro- 



438 


<7RUSTA.CBA MALACOSTRACA. 




'"Lm. 


a, b. 

no. 280.—The cutting edges of the mendlblee, a of Suphaiuia 
peUueida (EupKausildae), 6 of Anehi^iluJ lypicui (Mysid&e), 
iha lAiWr ehuwiag the ladala mobilld ((.m.). 


cesses, an anterior cutting point or blade, and a posterior “molar 
surface, separated from the anterior process by a deeper or 
shallower notch. In the notch a row of movable spines may bo 
present, the anterior of which, larger than the others, was named 
by Hansen the lacinia mobilis (Fig. 280). Curiously enough this 
accessory blade is, as pointed out by Boas and Hansen, char¬ 
acteristic of the mandibles of those divisions of the Malacostraca, 
in which the young are developed in brood pouches, and absent 
in the others (p. 454). The distal segment of the protopoditc, to¬ 
gether with the endopodite, constitute the 3-jointed mandibular 
palp, which is only absent in the Cumacea, wood-lice, At 3 ddao, the 

zoaea larva and a 
few other cases. 

In the first 
maxilla tlio first 
and third seg¬ 
ments, according 
to Hansen,* are 
pro d u c 0 d i n- 
wards as setose 
cutting blades. The endopodite may be a small lobe in continua¬ 
tion of the axis of the limb, but in the Cumacea, Chelifera and 
Lophogastridae it is longer and strongly refiexed, and in the 
Leptostracn it is a long inany-jointed flagellum (Fig. 284). A 
small lobe often projects on the outer surface of the limb, 
and may repre.-w^nt the exopodite. The segments of the 
protopoditc of the second maxilla are produced inwards into 
two imwiticatory lobes which may, as in Astaciis, bo subdivided. 
A I- or 2-sogmonted endopodite is frequently present and tlio 
exopodite forms a more or less fanlike plate, wliicli in the Deca- 
j)od8, where it is large and known as the scaphoqnathiUy regulates 
the flow of water through the respiratory chamber. Both 
endopodite and exopodite are reduced or absent in the Cumacea, 
Isopods and Amphipods. In the parasitic forms of the last 
two orders the mouth parts are modified in relation to the 
suctorial liabits. 

A negative feature of the cephalic appendages is tlie absence 
of the brancliial epipodite or epipodites frequently found on 
those of the thorax. 

^ Not the two basal segtnontd, oa usually stated. 
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Thoracic appendages. In the lower members of the Malacos- 
traca those form a uniform series, the members of which present 
little or no departure from a common plan. 

In iVc6a;ia they have the broad foliaceous character, with 
faintly marked articulations, found in the Phyllopoda. The 
short, narrow and jointed endopodite approaches the malacos- 
tracan type, but the unsogmented exopodite and large flat 
opipodite, notched on the outer side, are entirely phyUopodan 
(Figs. 284 and 285). 

In Anaspidcs the euinalacostracan thoracic appendage is 
found in what appears to be, in many respects, a primitive form 
(Fig. 287 B). The 2-scgmcnted protopodite is prolonged into the 
stout ambulatory endopodite, and the flagellar exopodite springs 
from the outer side of its second segment (basipodite). The 
basal segment (coxopodite) bears on its outer side two simple 
lamellar gills, the epipodites. 

The biramous character of the tlioracic legs is preserved 
throughout the Schizopoda, and in the larval stages of many 
Decapods. In the majority of the latter it is only retained by 
the three anterior legs of the adults (maxillipeds) though 
in some of the Fcnaeidea and Caridea an exopodite persists 
throughout life on all the legs. Three to five of the legs in the 
middle of the thoracic series, in the Cumacea, retain the flagellar 
oxopodites, and they may be present in a reduced form on the 
second and third thoracic limbs of the Chelifera. The Isopoda 
and Amphipoda are devoid of thoracic exopodites. In tho 
Stomatopoda they are present on tho last three legs. 

Tho epipodites present an interesting series of modifications 
in tho Maiacostraca. Starting from tho pair of simple append¬ 
ages of Anaspidea (Fig. 287) we find one of them, little modified 
except that its attachment is shifted to the posterior or even 
to tho inner aspect of tho limb, forming the thoracic gills of the 
Amphipoda. Tho other appears, as suggested by C’laus, to 
have undergone a change of function and to bo reprc.sentcd 
in tho female by the oostegile in those orders of Maiacostraca in 
which the dovclopment of the young takes place in a brood 
pouch. 

Oostegitos arc broad and almost membranous plates, attached 
to tho bases of certain of the limbs, whieli, overlapping those of 
the other side, enclose a space beneatli tho ventral surface of 
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the thorax in which the eggs are contained and the young 
develop.* 

In the Branchiopoda we have seen that the number of epipo- 
dites of the thoracic legs varies from one to three, and there is 
evidence of a corresponding variability in number in the 
Malacostraca, though the homology of the epipodial structures 
in the several orders remains to be elucidated. 

In the holotrophous Schizopoda the highly subdivided gill 
apparently represents one cpipodite, the oostegite apparently 
represents another, and a rudimentary appendage described by 
Sars in Onathophausia (p. 465) is j^erhaiw a vestige of a third. 
It is to be noted that though in both Hemitropha and Holo- 
troplia the majority of the gills, when present, have assumed a 
highly complex form, that of th«* first thoracic leg in tlio Holo- 
tropha retains the simple condition met with in Annspidcs and 
the Amphipods. 

In the Decapods four separate branchiae may bo pi*escnt in 
relation with each thoracic limotFig. 317). They are inserted (1) 
on the coxopodite {podobrauchiae) and the gill filaments tl>cn 
often spring from the Hurface of an epipodial plate, (2) on the 
artlirodial membrane intervening between the coxopodite and 
the thorax (arthrobrandiiae), and (3) from the surface of the 
thorax above the insertion of the appendage (one ortwopleuro- 
branchiae). But, althougl) .so attached in the adult the pleuro- 
branchiao are seen to spring in the larva from the bases of the 
limbs (Oaus), and the branchiae are probably all to be regarded 
as originally epipodial in origin (Fig. 317). The five anterior 
thoracic legs of the Stoniatopoda bear each a simple epipodial 
lobe on the basal segment. 

The condition of the gills of the Laemodipoda (Amphipoda) is 
rentarkable in that some of tlic tlmracic segments have lost all 
other trace of appendages, hut the gills (epipodia) remain, 
atta.-iied to tlieir ventral surfaces. 

The uniformity which exists throughout the series of the 
thoracic legs in the lower Malacostraca is modified in v’arying 
degrees in the more diflorentiated groups by the adaptation of 
one or more of the anterior members as rnaxillipcds, to subserve, 

• Tlicrc are» however, ainoiip the Isopoda, instanci's of the formation 
of a ventral brood poueli hy fttriicturoa, the relation of which to epipodiiJ 
ooategites appears remote and has not been made out. 
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together with the jaws proper, the prehension and mastication 
of the food. 

The first thoracic leg is thus modified in ATUXspides by the 
development of jaw-like endites on the coxopodite (Kig. 287^), 
in the Holotropha by the shortening of the limb, and in the 
Isopoda and Amphipoda by the shortening and more or less 
complete fusion of the pair of limbs to form a labium-like lower 
lip (Figs. 296 and 306). In the Cumacea and Decapoda three 
pairs of thoracic legs are modified os maxillipeds and in the 
Stomatopoda five pairs may be so regarded (Fig. 309). When 
more than one pair of maxillipeds exist the anterior are gener¬ 
ally the most jaw-Ukc, the posterior being transitional in char¬ 
acter to the limbs behind them. 

The coxopodites of the thoracic legs of the Isopoda and 
Amphipoda may be expanded and so closely united with the 
thoracic segments that bear them as to be immovable, and the 
joint between the coxopodite and basipodite acquires a corre¬ 
sponding increase in mobility.* In some cases all trace of their 

separation from the body segment is lost. 

Of the abdominal appendages the five anterior pairs (pfeo- 
poda) are often the main agents in gentle swimming movements, 
while the terminal pair, the uropoda form v,ith the telson the 
powerful fanlike tail-fin of .several groups of Malacostraca. The 
abdominal appendages are biramous limbs in which the two 
branches spring from a frequently 2-Begmented protopodite. 
Their various modifications are described under the several 
orders, but it may here be mentioned that they sometimes bear 
the chief respiratory organs of the body, either (Isopoda) by the 
transformation of the endopodites alone, or of both rami into 
lamellar gills, or (the leopod Baihynomus) hy the growth of long 
respiratory filaments fringing the endopodite, or (Stomatopoda) 
by the development of a peculiar complex gill on the exopodite. 
The presence of tubular air-passages in the exopodites of two or 
more of the anterior abdominal limbs of some wood-lice (Fig. 
302) is of interest by analogy with the tracheae of Peripatva, 
some Arachnids, the Antcnnata and the Siphonophoran VeleUa. 
A process from the base of the inner margin of tho endopo- 
dites of tho pleopods is present in Leptostraca, Hemitropha 


^ Soo footnote p* 406 
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and many Decapods. It is known as tho appciidix intenui 
or stylamblis (Fig. 319). In many cases, at least, it carries 
hooks, and serves, with its feUow, to couple the pair of limbs 

together. 

The presence of a masticatory stomach has already been 
alluded to as a feature of the Malacostraca (p. 351). Tho 
Stomatopods are remarkable in the disposition of tho hepatic 
glands, consisting of caeca segmentally arranged along ducts 
which open anteriorly into the stomach (Orlandi). A somewhat 
similar arrangement is found in the Paguiid Coenobtta* 

The position of the genital apertures in relation to tho 
segmente is, so far as it has been ascertained, constant 
and characteristic : that of tlie oviduct on tho sixth, that of 
the vas deferens on the eighth thoracic segment. In either case 
the position of the apertures may bo on the sternite of the 
segment, or (some Decapuda) on the coxopodites of tho limbs, or 
on the arthrodial membranes at the bases of the limbs. 

The segmental glands of tho second antennae often ac*t as 
excretory organs in adult Malacostraca, althougli those of the 
second ma.xillary segment replace them in Stomat(»pods, tho 
Chelifera, some Isopuds and the Cumacca. In Ncbalia tho 
glands of both segmeiiU coexist in the adult. 

The central nervous system of the Le[itostraca and of Apseiuies 
(Chelifera) (Fig. 241) approaches very closely to the condition 
found in the Pliyllopoda. The ganglia of the second antonnary 
segment have joined the brain, of wliich they form tlie posterior 
lobes, but a transverso commissure passing between the two 
longitudinal bands of the oesophageal ring and behind tho 
oesophagus apparently contains the commissural fibres wliich 
unit-c them witli one anotlier, and thus by its position records 
tlicir original postoral situatiem. Eocli pair of appendages 
beliind the second antennae is represented by a distinct pair 
of ganglia, and double longitudinal commissures run tliroughout 
the series. In the larva of Ncbalia a seventh abdominal ganglion 
is present (corresponding to the seventh abdominal segment), 
behind that of the last limb-bearing segment. In some members 
of the liighcr groups, as Sphaeroma (Isopoda) and Eupkfixtsta 
(Schizopoda), the nervous system is in an almost equally simple 

• Cf. Borriulailo, in Gar.iinor’s Fauna and Geography of the Maldivee 
Olid Laccadives, Vol. i., p. 80. 



COLOTTK CHANGES. 


443 


condition, but on the whole, as the segments of the body become 
approximated togctlicr and lose tlicir external distinctness 
(and the approximation is doubtless accompanied by an 
increase in the complexity in the co-ordinating mechanisms by 
which the movements of their appendages are bound together) 
so do their corresponding neuromeres merge one nith another. 
The concentration is complete in the Brachyura, where, in such 
forms as the Spider Crabs {Mata, Fig. 241, F) the ganglia of all the 
postoral segments are fused into a common star-shaped mass 
in the thorax, from whicli the nerves radiate to the several 


parts of the body. 

A number of species of Malacostraca \ntli thin and trans¬ 
parent cuticle are capable of changing their colour, in varying 
degrees, in relation to their surroundings. The phenomenon 
was investigated by Pouchet,* and more re<‘t*ntly, in two remark¬ 
able papers by Keeble and Gamble.f Only some of the results 


can bo touched on here. 

The cfiromaUyphores, in wliich the pigment i.s lodged, are in 
the Decapods multinuclcar bodies, pi'obably clusters of cells, 
together forming a central mass, with branching proce.ss(S, 
which anastomose with those of neighbotiring chromatophoie.s. 
Each chromatoj)liorc may contain a number of pigment.'^ of 
different colours. Some (reds and yellow.s) are light-transmitting 
pigments, others (white, yellow' and blue) yield their colour 
when seen by rcfleetcd light. The pigment expands and con¬ 
tracts within the chromatophore, without alU’ration in shape of 
the latter (as has also been shown to be the ease in the frog). 
There is reason to believe that each separate i)igfncnt is contained 


in a separate cell or group of cells. J 

The chromatopliores of Decapods are c!a.s.sed in two sysh tns. 
(1) The pritnary mjsicm is deep-lying and mainly in relation 
with the ganglionic centres (segmental and vistoral). It is 
devolopo.d in the larva and closely resembles that of the adult 
Schizopod Macromysis \ (2) a eecx/ndary eyeUm, more s»ipcT- 


• O. Pouchot, “ Les chungomonta de Coloration sous I'influonco dos 
nerfs."' Journal <U iAnat. e( <U la Phi/Biologit.T, 

t Hippol^jU study in Colour-cliang^', (J.y.A/.A., voL 43 (lJU ), 

P- 689, and the Colour-Physiology of higher Crustacea, Fhit. I rails. 15. 

vqL 100 (1004), p. 206. , , .. 

t In addition to plgmont HippolyU has in its chromutophores a mobile 
colourless fat whicli expands and contracts with tho oigmonts. 
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ficial in position, and in the adult Decapod completely masking 
the primary; though this, none the less, persists. 

When the chroinatophorc pigment is expanded, a network of 
colour, close or open, pervades the body, either continuously or in 
certain parts, and then forming a pattern wliich in most species 
is constant and characteristic. When it is contracted the 
pigment forms an inconspicuous dot in the clnomatophoro, 
and the body of the Crustacean becomes transparent and 
apparently colourless, though in some cases a diffused blue colour 
remains. 

The movements of the pigment occur in response to light, 
the action being direct and indirect. (1) The direct action of 
the light is to cause expansion of the pigment. In the dark it 
contracts and the degree of expansion varies with the intensity 
of the illumination. (2) The indirect action of light is effected 
by the nervous system through the mediation of the eyes. The 
response is not to the intensity of the illumination, but to the 
colour of the background against wliich the prawn finds itself. 
A dark background causes expansion of the pigment, in MacrO’ 
myns, Palucmon and Hippolyte, even though the light bo dim ; 
a light background causes contraction. At night (absence of 
direct stimulus of hght) the pigments contract, the animals 
becoming transparent. The colour pattern develops again at 
dawn. 

An astonishing variety of colour coats is at the disposal of 
lii'PpoUjk varians, enabling the individuals of this species to 
blend in colour with their surroundings. They are of very 
sedentary habit and only quit hold of the weed among wiiich 
they live when it Is roughly shaken. They may be found of 
uniform brown, red, pink, grey or emerald green colour, or 
broad hands or blotciies or tliin lines of these colours may traverse 
the otl\erw ise transparent body. The pattern, uniform or 
localized, is found to correspond with the degree of subdivision of 
stems or branches of the weed which the prawns inliabit. When 
removed from their natural liabitat and given a choice of weed 
they take refuge in tliat wiiich they most closely resemble. 
By prolonged residence (some days) among weed of a different 
colour, the colour of the coat pattern of the prawn may vary in 
correspondence—e.g.. brown becoming green or vico versa. 

Although the colour is tlius adaptable to that of the environ- 
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mcnfc, the day pattern of the adult pra\m does not vary in 
distribution. But in the adolescent stage a permanent change 
in the pattern of individuals with a coat of lines or bars may 
bo induced by appropriately altering their surroundings, leading 
them to assume, e.g. a uniform coat by extension of the superficial 
pigment'tracts over the body, and this becomes the permanent 
adult coat. In this result the character of the stimulus received 
by the eye is an essential factor in the change, i.e., in the resulting 
increase in the number of the chromatopliores. 

When lii'p'pohjte varians is against a dark background, there 
is, as stated above, an alternate expansion and contraction of 
the pigment of the chromatopliores in response to day and 
night. If tluisc prawns arc left in the dark, Keeble and Gamble 
have found tliat, for some 70-80 hours, an expansion of pigment 
occurs during the recurring diurnal periods though gradually 
loHsening in intensity. Thus the rhythmic expansion and con¬ 
traction of the pigment set up in response to alternating day 
and night persi.sts after the conditions of illumination have been 
rendered uniformly noehirnal. 

The conclusion as to the effect of background in modifying 
the distribution of the jiigment in tlio Cru.stacea presents a 
parallel with some of Poulton’s results on the development of 
colour in the larvae and pupae of In.seets.* For a fuller 
statement of the highly intere.sting and suggestive results 
obtained, the reader is referred to the original memoirs. 

Modlflcation of the reproductive system produced by parasites. 
Giard has drawn attention to the remarkable eflects produced 
by parasites on the organization of tlicir hosts, both animal and 
vegetable. Conspicuous instances are furnished by the raalacos- 
trocan Crustacea, in which group further evidence has be-cn 
brought to light by the work of Geoffrey Smith.f Iho 
parasites producing this result belong to several species of 
the cirripede Rhizocephala, the internally parasitic Isopod 
Entoniscidac, and the allied externally parasitic Bopyridae. 
The effect on tlio general metabolism varies in different groups. 
In the case of the Brochyura affected by Itliizoeophala, cedysis 
coascs from the moult at which the parasite becomes external 

• E. B. Poulton, Phil Trana. vol. I7ft. B (I8B7). p. 311. 

t Hhiasocephula. Fauna and Flora dee Oolfea von Neaptl. Moiiog. 

1000 . 
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until its death. In the Hermit Crab, Eupagurus, on the other 
hand, ecdysis is continued, and growth may even (as in capons) 
be accelerated by the presence of the parasite. The olTects 
of the parasitism, on the hosts, are manifold. In the first 
place it leads to a more or less complete atrophy of the gonads, 
out of all proportion to the effects on the other organs of the 
bodj'. 

A further effect is apparent in the modification of tlic secondary 
sexual characters of the host. In the case of the female hosts 
these characters may undergo reduction. Thus in the females 
of a Crab, Inachus, affected by Sac'ulina, the swiminercts 
which appear at the last moult, and especially their ovigerous 
endopodites, are reduced in size. In tlie nialea, not only are 
the secondary male character.^, the copulatory styles (first ab¬ 
dominal appcndage.s) and chelae, reduced in size, but there 
is a definite assumption of female characters in addition (Fig. 
281). Thus it has been found that there is a tendency for 
the infested males to become hermaphrodite. In Inachus the 
abilomfn becomes longer and broader, the posterior abdominal 
awimnierots (3-5), which have disappean'd since the later larval 
(Megnlopa) stages, grow again, and even, in some coses in aliich 
the gonad is not completely aborted, it is found to develop 
ova as w.'ll ns sjiennatozua, although, owing to the occlusion 
of the duets, the products can never be slied. 

Results similar to those in In'^rhus have been obtained by 
Smith in PochiigrapAUA, and Potts has found tliat Eiiptgurus 
tncticuh.'tuA, infe.sted by PcUoipistcr. exhibits similar i-fTeets tl>ough 
in a !nnre pronouneed degree. Potts ecmeludes that in tins hi>ccioa 
ova are developed in the gomnls of all inferted nmUvs, after tho 
parasite has become c.xternal. For further details on these 
striking results the. leidor is referred to the original memoirs.* 

Development.—Tiic eggs of some groups of the Malacostraea 
pass through their <levelopment in the brood space of tho mother, 
helng Contained (*ither between the thoracic legs and protei'ted 
by the lobes of the shell (I.#ej)tostraca) or hetwTcn the oostegitea 
and tlie ventral wall of thetliorax, a.s In the Cumacea, Isopoda, 
.•\mphipoda. ('helifera, and tho Sehizoj)od families, Lopho- 

• S(M' too the rpc«-nt hotanioul work hy Rtrafiburger, Vorauche mifc 
(Uorisfl>t'n in ttuf CJcvrljlccht^vorteiKing, Biol. Cm- 

(ralblntt. T. xx (IHOO), p. aSU. 
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gastridac and Mysidac.* The young, in these case.s, leave tlie 
brood poueli in a form identical, or nearly so. with that of the 


a 





f 







Flo. zai,— The ellccte o! paraiHbim on , ?. 'vpMral vU'w 

t ventral view of »bdomcnx2: e into*henii*phrodlt« fomi, nelural 

of ftduU Infected fenialoxS; « infected innlc, ■ .nnrollniaUonto the fenielo 

•IM :f, 9 .h »bd.imliin of InfccUd ionic, x 2. - ww ««'A'''s^th 
wodltloo (* the abdomen of the epedmen <) (nfter O. Smith). 


parent, although in several groups (Leptostraca, Mysidao, 

* TheM Malacca trace are united by Caiman in tho group Poroc , 
of. p. 4fi3 oi. soq. 
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PlO. 2d2.^Enibryo of A0tocii$ ftutiati’is In the OAupliue 
stage. A (above) rudiment of eye : <i\ a" first and second 
smtenu ; 0 ccrcbm) ganglion ; ganghoo of Uie second 
antenna ; gm ^nglioo of the maudiblo ; I upper Up ; 
m mandible ; TA thoroco-abdomiual rudtmcDt; A (lying 
Id TAt anua (from Lang, after Eeicbenbacb). 


Isopoda) a well- 
marked stage with 
two pairs of an¬ 
tennae and man¬ 
dibles, followed by 
tlie shedding of a 
larval cuticle, has 
been recognized in 
the development of 
the egg as corre¬ 
sponding to the 
nauplius larva of 
other Crus t a c c a. 
(Compare the cor¬ 
responding stage in 
the development of 
the fresh -water 
crayfish, Fig. 282.) 

In the remaining 
Malacostraca, i.e., 
in the Euphausiid 


Schizopods, in St-omatopods and Decapods (for tlie development 
of the S 3 mcarida see p. 462) a metamorphosis presenting varying 
degrees of completeness is nearly alwaj's found in the life-history. 

Compared with the gradual series of stages which in tlie 
Pbj’llopod Branchiopoda and most Copepods leads from the 
nauplius larva to tlio adult condition, tlio metamorphosis of 


the Malacostraca is 
characterized by somo- 
wiiat abrupt transi¬ 
tions fi'om one larval 
stage to another, and 
by the introduction of 
stages which ore not 
in the direct line lead¬ 
ing to the adult form. 
“ The metamorphosis 
of the lower Crustacea 
thus boars the same 
relationsliip to that of 



PI0.2S3. — Crab zofttrA (rAto), th flrat rooalt. A'.J' 

first aod second antennae ; K/\ A/ % Uic two poire (u 
birarooua appendagre corresponding to the fini and 
second pairs of mmilllpcdi; S3 toaea tplno on the 
hack (from Claus). 
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the Malacostraca as does incomplete to complete metamorphosis 
among Insecta’* (Korschelt and Heider). 

Prominent among these intercalated larval forms is the zoam 
larva in which (Pig. 2S3) the appendages of the head and of the first 
and second (in some cases the third in addition) thoracic segments 
are well developed, and the abdomen distinctly segmented, while 
the posterior thoracic segments are barely differentiated and thdr 
appendages absent. The larva swims by means of the exopodites 
of the maxiUipeds, and by the abdomen, and the cephalothoracic 
shield is generally produced into long spines, which limit its 
motion in certain directions. It is also characterized by the 
absence of the mandibular palp. A zoaea larva of tliis tyjK) 
occurs very generally among the Decapoda, and in the Eupliau- 
siidae (Pig. 291), and in a somewhat different form in tlie 
Stomatopods (Fig. 312, p. 610). 

The stage at which free larval life is begun varies much in the 
several groups, and, apart from the orders mentioned above in 
which the eggs are contained in a brood space, it is generally 
retarded most in the more differentiated members of the 
series. It may also be retarded in species living in fresli-wator 
or on land—a feature in w'hich, as Fritz Muller pointed out, tlie 
Crustacea agree with other groups of animals.* 

In Etuphaueia (Thysanopodidae, Fig. 291) and Penaevs (Pig. 
323) (Becapoda) the life-hietory begins, as in many Entoraostraca, 
with the nauplius stage, in Leucifer (Becapoda, Fig. 324) and 
perhaps also in some Stomatopoda (see p. 608, Pig. 310, o), with 
the meianauplivs, in which, in addition to the limbs of the 
nauplius, rudiments of the two pairs of maxillae and of the first 
(and sometimes also the second) maxilliped, have appeared, and 
the abdomen ends in a caudal fork. 

SergeMea, among the Penaeidea, hatches in the prolozoaea 
stage, with the limbs which are rudimentary in the meta* 


Facts for Darwin, p. 47, London, Jolm Murray, 1809. In this con¬ 
nexion the case of Palacmonctes variant ie of interest. Tlio young of tlw 
variety living in the sea, on the shores of Northern Europe (but also in 
brackish or ii^h wator) are hatched os Zoaeuo, in which the abdominal 
l®g8 are still absent, while the exclusively fresh-water forms of the 8. of 
Europe hatch in a more advanced stage, in which tlioso legs ore present 
®s biramous buds. (Cf. P. Mayer, Carcinologische Mitth. 0. Dio meta- 
V. P. vorians, Mitth. Zool. slat. Neapel, Bd. ii, 1881. J. E. V 
Kleinere carcinol. Mitth., Zool. Jahrb. Sytt., Bd. iv, 18^9.) Some 
“*^'Water Caridea, however, show a contrast with their uioruio relatives 
*o the opposito direction, having a lees abbreviated larval development. 


C 0 
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naupliu 3 stage of its allies fully developed, but with the ab¬ 
domen stiU incompletely segmented. The paired eyes have liere 
begun to appear, as laU^ral outgrowths of the head. 

The zofiea, aheady described, ushers in tlie life-history of most 

Caridea, the Anoinura and most Brachjoira. 

The Mysis stage (which would perhaps be more correctly 

called the Euphausia stage, cf. p. 454) is tlic initial phase of 
the marine Macrura Ueptantia (Fig. 327). and follows the zo^a 
stage in the Thalassinidea among the Anomura. The full 
equipment of thoracic legs is attained, and they bear flagellar 
exopoditea. The abdominal limbs develop during this stage. 

The remarkable pelagic PhyUosoma larva (“ tJla-ss Crab ”) of 
the Loricata must be regarded as a highly modified form of the 
mysis stage (Fig. 326). In contrast with the heavily built 
adult forms the larvae are delicate, glassy, leaf-like orgam.sms 
expanded in a horizontal plane, with a narrow constriction 
between head and thorax, u rudimentary abdomen in the earlier 
stage.s, and long, very slender hiramous thoracic legs. 

The fresh-water Macrura Reptantia (the Potamobiinoo and 
Parastiwunae) are hatched almost in the adult condition, though 
thi‘ young of tlie former--the eraytislies of the N. Hemisphere 
—p;iss through a stage in which tiiey are said to resemble the 
latter—tlie crayfishes of tlie S. Hemisjihere. 

The mysi.s stage does not apiiear in the life history of the 
remaining Anomura, or of the Brachyura, in which the transition 
to tlie adult condition occurs direct (in the latter with inter¬ 
mediate metazoaea and mcgaloi>a stagc.s, Fig. 330) from tlio 
zoaca. 

In the following table the groups of the Decapod Crustacea 
are ananged so that we pass, on the whole, from generalized to 
sjiecialized forms, and the main larval stages are, in each case, 
indicated by dashes.* The specialization is indicated, among 
other fenture.s. by differentiation in the series of thoracic append¬ 
age's, reduction of the trunk limbs (see p. 522) from a biramous 
to a uniramous type, the differentiation of a branchial chamber 
beneath the braneliio.stogite, the coalescence of the neuromerca 

• Witli to tho Nophropeitlao and Si vllaridiu*. it is not intended 

to imply that Iwth or either of thesm famili«*s is directly intorinodiato 
betwfon iho I’aridoa and .Aiiornuru. They stand hero aa rcpresontMiy^ 
of the typo of tho Macruroua Reptantia from which it Boeina probable 
(hat tlio Anomura arc derived. 
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of the ganglionic chain, and in the later members of the senes 
by reduction of the abdomen as an organ of locomotion. 


Penaoidea-^ 
Ptnatua. 
Leucifer. 
Sergeetet 
Coridea— 
HippolyU 
Nephropeidae 
Homarus 
Scyllaridae 
(Loricata) 
Palinurus 
Anomura . 
Oebia . . 

Bupagunu . 
Brachyura— 
Thia, etc. . 


Mau- 

pUus 

8Uge. 


MeU- 

oitupUuii 

8t&gc. 


Proto- 

SUge. 


Zoaoa 

8Uge. 


Stogc. 


MetA- 

toaea 

Stage. 


Me* 

gaiopa 

Stage. 


Adult 

Stage. 


v,..* more advanced tlian the typical form, 
t The Caridid zooca »b somewhat m ...aoed tolsoii, replacing » caudal 

having three pairs of maxiUip^B. wSgorw rudiments of the 4th 

fork. In Pofoemon. pratcnt. 

“f p-y—>• 

» With rudiments of thoracic limbs 3-7. 

: 'it bu. 

In Penatus the young hatch out as naupUus larvae, ^ 

C flow^ by the shedding of a larval out.cle, re p^^ 

through in the e^ (of- Fig. 282), larval '■ c ■“ » 

etage. As will be evident from inspection of the table, h g 
at which the larva is hatched becomee, on the »b»l«. 

more advanced, the higher the degree of f ‘“r 

adult form. In other words there is a tendency ^ ‘be su^ 
preeeion of the earlier stages of the Ufe-histaiy, as later sti^ 
are added. The mysis larva is at the end of the metamorphosis 

of Penaeus, whUe it initiates that of the lobster. 

The occurrence of the rnyms stage in the development of many 
groupe of Decapod* in which the larva resemblee, in several 
particulars, the least differentiated members of the sen^, <^a 
rtiU more the Schizopods—with one group of which, the 
Euphausiidae, the Ponaeidea are closely allied—is a pheno- 
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menon which finds many parallels elsewhere. It appears to 
be comparable with the occurrence of the tailed larva of the 
Ascidians, of the pharyngeal clefts in the throat of the chick, 
of the chilarian segment in the embryonic scorpion. In these 
early stages of the life-liistory the larva or embryo appears to be 
dominated by the factors which, in earlier ages, shaped its adult 
ancestors. When we turn, however, from the mysis to other 
and still more prevalent larval stages of the Malacostraca, 
the zoaea and the nauplius, such an explanation appears 
to be only very partially if at all applicable to them. The 
zoaea larva occurs in one form or other, os we have seen, in 
three groujis of the Malacostraca, and persists in the higher 
Decapods, notably in the crabs, in wliich tlio mysis stage is 
absent, or, as we say, has been obliterated. The nauplius larva 
occurs either as a free stage, or as a transient embryonic phase, 
apparently tliroughout the Crustacea. Yet we have no evidence 
of the existence, in recent or fossil forms, of a group of Mala¬ 
costraca in which the posterior thoracic segments were suppressed 
in the adult state, as they oi’e in the zoaea, and the evidence 
at our disposal as to the ancestral stage of the Crustacea points, 
as we have seen, not to the three-limbed nauplius, but to a multi- 
segmented form of the annelidan type. The explanation wliich 
is usually offered for the divergence of these larval forms from a 
phylogenetic type is that they have become adapted to some 
special conditions of larval existence, and the parallel is drawn, 
as wo have seen, ^ith stages of the complete metamorphosis of 
the Insecta. Some crustacean larvae, it is supposed, remain 
dominated by the influence of heredity, wliile others have struck 
out new linos in rt-sponse, now to one set of factors in their 
environment, now to another. 

Without denying the possibility of an explanation on such 
hnes, wo may point out that it must bo regarded as speculative 
until the conditions of environment have been recognized to 
which the very diverse characters of the larvae are adapted.* ** 

• Tliat tbo ph>'sical conditiona of the myaia and the zoaea 
need Jiot bo very different ia apparent from a passage (p. 362) from Mr. 
S. I. Smith’s account of the Early Stagee of the American Lobster, TraM- 
of tfif Coniuctict 4 i Academy of Arte and Sciences, vol- ii (1873), p. 3®*' 

**Tho larvae (in the first Mysis stage) . . . were seen swimming rapidly 
about at tho surface of the water among great numbbrs of eoaea, megalops 
and copepods.'* 
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It may be replied that we are no further from an explanation 
of the characters of tiicse larvae than wo are from an explanation 
of the characters of the species and genera of many other living 
things : and this is doubtless true, but in offering the phylo¬ 
genetic explanation of the mysis larva the endeavour is made 
to discriminate among the possible factors from which its char¬ 
acters result, and in doing so it seems weU to point out the 

difficulties with wluch the problem is beset. 

Whatever view we may take of the full significance of the 
nauplius and zoaea larvae, it appears that the nauplius, from its 
prevalence throughout the Crustacea, was established as a larval 
form at a period of development prior to the divergence of the 
existing groups^ and the zoaea at an early stage in the stoiy 

of the Malacostraca. 

In certain respecte the nauplius must be regarded as presenting 
primitive features of the crustacean stock, and especially m 
the paroral position of the second anUuinae. the presence of a 
masticatory enditc at the base of this appendage, an t le arge 
biramous palp of the mandible. That the segment hearing the 
second antennae was originally postoral is indicated in the develop¬ 
ment of many groups of the Arthropoda. This was apparen y 
the adult condition in the Trilobites, and the nauphus retains 

tluB as a character of a free-living stage (cf. p. 3 jG). lo 
character of the mandible persists in some Copopods p. 
and Ostracods (p. 384). The median eye and the frontal sense 
organa are also probably to be regarded as primitive features of 

the nauplius stage. 


Of Ute years the unity of the group Sehisopoda has been 
challenged by Boas and Hansen, and the reasons for its partition 
have recently been strongly urged by Caiman* It is poi^d 
out that the characters which the two tribes of Sc uz^ds 
possess in common, and which dietinguis!! them om e 
pods are few in number, and of doubtful value. e mo Jjf 
of the three anterior pairs of thoracic appendages as 

distinguishee the great majority of the D^apo ’ ^ \ His 

the Penaeidae it is little marked, and it is hard to draw 

• W. T, Caiman, On the ClaMificatioa of the Cetacea Malacostraca. 
Ann. and Mag. of N. H., aer. 7, vol. xm (1900), p. U4. 
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tinction in this resjwct between tlic Deeapod Sergestrs and the 
Scliizopod Gnalhophausia. (heat variation in the dejrret' of 
fusion of tlic tlioracio segments to form ace|>halo-thora.\ is foiiiid 
in Schizopods, and, as Caiman lu.ints out, the fusion is as eompleto 

in Enphausia as in any Decapod. 

Birainous thoracic legs arc widely found among tlw' Mala- 
costraca, and in tlie lower Decapods as elsewhere. 'I'lni ])r(‘.sene!^ 
of a single series of subdivided branchiae in tiio Schizopods, 
against a possible four to each tlioi acie appendage in tlu^ 
poda appears a more substantial charoetor, but it is doubtful 
wliether the arthrodial braneliiae of the Loplmgastrithw' are 
precisely homologous with the podobranchial apj^endagt's of 
the Heinitropha. 

On the other hand it has been pointed out that though 
the Schizopoda agree in a general “ caridoid facie.s ” their 
two divisions, Heinitropha (Euphausiidae) and Holotroplia 
(Mysidae and Lophogastridae) arc strongly contrasted in many 
of the cliaracters in which tlio Decapoda are distinguished from 
other divisions of tlie Malacostraea. Thus the Heinitropha 
agree with Decapods in the absence of a brooil-poiutb, and, in 
association with this feature, in the presence of free larval stages 
in tlic develo[tim*nt; in the participation of all .segment-s of tl»e 
tliorax in tlic formation of the cephalothoraeio shiidd ; in the 
short capsular lieart; the absence in the adult of a lacinia niohilis 
on the mandible (ficc p. 438) (tliough there arc indications of it in 
some larval stages) and in the spherical or vesicular shai>c of 
the 8ix>rmatozoa. 

The Holotropha, on the other hand, agree with the Cumacca, 
Chelifera, Isopods and Amjdupods in the posse.s.sion of a brood 
poucli, in wliich the young are developed until tlio full number 
of appendages ia attained. The terga of only the most anterior 
(or none ? Lopliogiistiidae), of tlie thoracic segments are involved 
in Uie dorsal shield, tlie heart is elongated, a lacinia niobiha is 
present, and the siKrniatozoa, .so far iw? they have been observed, 
arc filiform. Tlie two groups also appear to be contrasted 
in tlio number of segments of the thoracic limbs, tlio point at 
whioli the main flexure of the limb occurs and in the possession 
by the limb of a terminal claw. 

In reviewing these differences, to several of whicli attention 
lias been called by Boas and Hansen, Caiman has proposed the 



LEPTOSTKACA. 


455 


name Peracarida * for a group containing all Eumalacostraca 
•possessing a brood pouch, and in t4ii4 the Holotropha are included, 
while the Hemitroplia are united with the Dccapoda in the 
group of the Eucarida.*’ The division, Schizopoda, w’ould, 
on this arrangement, cease to exist. 

While admitting that there is much to be said in favour of the 
course proposed, it appears preferable, in the present work, 
to retain the group Schizopoda. Zoologists are far from being 
agreed on the change, and it was strongly resisted by Claus-f 
Were it adopted the relations of several of the groups of the 
Malacostraca would still remain highly debatable, and especially 

that of Anaapxdes to the others. 

The Malacostraca fall into two divisions, the Leptostraca 
and the Eumalacostraca. A tabular view of the divisions of 
the Malacostraca will be found in the Table of Contents. 


Division 1 (and Order), LEPTOSTRACA.J 

Crustacea with a bivalve shell covering the head and middle 
porliem of the body, and a movable head-plate attached iri frmit : 
vith eight well-defined thoracic segments hearixxg appendages similar 
to one another, and eight abdominal aegmenU, of which the anterior 
six bear appendages. The terminal segment carries a caxulal fork. 

The Leptostraca are small shrimp-liko creatures, living in the 
Bca in dilTcrent parts of the world, from shallow water down to 
depths of over 2,000 fathoms. 

Among the various groups of Crustacea now living tlio genus 


t of ovidcnco ngairmt tho breaking up of ho Srb.ropoda .a 

contAined i.. tho work by Keoblo and Gamble, above cited who find thattho 
wdour putlom which is permanent in tho holotrophous Macromyet^ is tho 
larval pattern of shrimps. It is, of course, po^ihlo that this is a widely 
distributed pattern in the lower Malacostraca. but in tho pro«mt state of 
our knowlodgo tho fact favours tho retention of Schizopoda. 

t Bosidos tho works of Loocli, Lotreillo 
Clans, Cruslaceensytcm. l.c. Wien. 1870. A. S. l‘»«-kard Order 

Phyllocarida and its sysUmalic ;>o«Vion. A ^nograph of the PAyUopod 
Cristacea, etc.. Boston, 1883. G. O. Sun,, Report on tho Phylloc^ida 
ChaUenge^ Reports. 60. vol. xix. 1887. Claus, Uelier 
NobaUdon imd dio systeinutischo Stellung der LepUistrakoii. 
aus dem Zoot. Inst, d Univ. Wien. Tom. viii. 1888 J. I b.olo 
Btrakcn Wins. Krgob. d. Doutech, Tiefseo i?.xt*ed. (Vahlivia), BJ. yui. 
Liofii. I. 1004. Clx-T dio I^optostraken der doutschon Svidpolar oxjwdition, 
1001-3. Deuisch. Sudpolar-erpedUion, Bd. i*. Hoft. 1. Berlin. iWo. 
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Nebalia and its allies possess a peculiar ink^rcst in tliafc while 
they arc not closely related to any, they unite in a remarkable 
manner the characteristic features of several widely separated 



Fro. 2S4. —Nebalia Otoffroyi, stroncly roagnlRed (after Claus), a female; 6 malo : O 
intestine: vas deferens; 1/ crop: 0 stalked efo; H movable head plate; S aitcU. 

The ilagollum of tbe Amt maxilla is uirccied dorsally In a, ventraUy in b. 


orders They thus appear to represent in a little modihed form 
the crustacean stock in a primitive stage. 

The number and arrangement of the limbs is that characteristic 
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o{ the Malacostraca. Moreover, in the male, the vj^ dcfercM 
opens at the base of tlic last thoracic appendages, and the oviduct, 
in the fcmitle, apparently ■ on the sixth. These characters 
establish the tact that whatever affinities the ^ptostraca 
present to other groups, they are not far removed from tlie 

Eumalacostraca. j j a 

On the other hand the body is lateraUy compressed and covered 

in front by a largo bilobed transparent shield, a redupheature of 

the integument of the head. The two halves of the slucld are 

connected with one another hy a shell muscle, as in the 

Ostracods and bivalvcd Branchiopods. A pointed head plate 

projects ill front of the shield, and presents the uniisua feature 

!,f being movably articulated with it (Fig. 284. if), a characte 

found in palaeozoic Ceratiocaridac. and appearing in a someiiliat 

dilTeront form in the Stoniatopods. The abdomen is formed 

of eight segments, including the telson. and is further peculiar 

in being more or less distinctly differentiated into two regions 

by tlic c;liaractcr of its appendages. 

The shallow-waUw forms of the Leptostraxa have large stalked 
eyes (though they arc apparently blind 

a n.c^ian eye is not found. The anterior antennae consist of a 
four.jointed basal region, of which the fourth 

oval setose plate as well as an articulated flagellum. The 
polrior antennae have three large basal joints and terminate 

Tn an articulated flagellum which in the fully “ 

long as the body and be.sct with sensory hairs^ 

matvdiblea bear long 3-jointed uniramous palps. The ffist 

maxillae bear two setose plates directed inwards and ^lo g 

slender dorsally directed terminal „ 

maxilla bears three inwardly directed setose lobes on its inner 

luargin and ciida in two short rami. 

The fusion between the anterior thoracic segments and the 

head, which occurs to a greater or less extent m f 

Malacostraca, is not found in the Leptostr^a. e.gW 

short thoraeie segments bear eight pairs of uniform 
which present a remarkable resemblance to those o ^ ^ 

(Fig. ^). An obscurely two-jointed basal portion, bearing 

onfte outer surface a two-lobcd branchial m 

NebalieUa) terminates in a jointed and setose endopodite. and 
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an exopoditc wliich, in Paranehalia, is narrow and setose, and may 
show some indication of jointing; but in Ndtalia is expanded 
into an oval respiratory plate. In tlie genus, Nehalio-pais, tho 
whole appendage is reduced to a short unjointed lobod plate. 

The anterior region of tlio abdomen 
consists of four segments bearing strong 
swimming fcfct, having a two-jointed basal 
portion, and two terminal rami beset with 
setae. The exopoditc is not articulated, 
but the endopodito has a long distal 
and a short basal segment, carrying an 
appendix interna be.set with liooks (re¬ 
tinaculum) wliich, witli it.s fellow of tho 
other side, serves to couple tho appen¬ 
dages together. Tho po.Htcrior ivgion also 
consists of four si'gments, of which tho 
two anterior (three in th arva) boar 
small unbranehed vestigial apiwndages. 

anus oiwns terminally between two 
setose appendages, which constitute a 
caudal fork, like that of Branchipus. 

The central nervous system consists of a largo brain and a 
ventral chain of 17 pairs of ganglia, one for each pair of apj>en- 
dage^s, from the mandibles to the last abdominal (tho two posterior 
abdominal segments have neuromeres in tho larva). Tlie ganglia 
of each pair lie close to one another, and the cephalic and thoracic 
ganglia are also approximated longitudinally, while the abdominar 
part of the chain is more elongated, an arrangcmicnt similar to 
that met with in tho Schizopods. 

The mouth is guarded by upper and lower lips. Two chitiiious 
masticatory ridges arc found on cither side of tho anterior part 
of the stomach (malocostracan character), and into tho posterior 
part open on the dorsal side two short blind licpatic tulx's 
which project forward over tho brain (ef, Cludocera). On the 
ventral side three pairs of long hepatic tubes open by two common 
openings. The latter arc similar in structure to tlie hepatic tubes 
of Isopods and Amphi{>ods. On the dorsal surface of tho intestine 
in the last abdominal segment, lies a short median tube directed 
backwards and hned by high cylindrical epithelium. 

The excretory organs are represontod by a small antennary 
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Maiul ill tlin iKUsal ji.iiit t.f tlio sccoml antenna, but also jy a 
Iiuu-li indiKHMi sIk II ^;lainl c:.mn< rU'<l witli the second niaxi a 
'n.c tubular heart extends tl.runeb the thorax and part of the 
ab<lonu-n ; it possessi-s four and thi<-e small pairs of os la 

The testes and ovaries aie.lon« tubular strm tnrcs lying para c 
to tlie intestine. 'J'he vjv-s defeiens oikiis on the coxal joint o 
the last thoracic apix-ndagc, and th<. oviduct was believed by 

(iaus to o)Krn on tlic sixtii tlioracii’ segment. 

'riie males differ from the females by t-beir moi-c slender 
form, the more abmulant sensory hairs on the first antennae, 
th.^ long llagidhnn of the sc<-ond, and the longer caudal appen- 
dagixs. The eggs are carried hy the f.-male hetweeu the thoracic 
apiKsulages. and iiiuhrgo a partial siguMulation A three- 
limlied (nanplius) stage has been shoun by jMetschmkoff o 
exist ill tb«-ir devi lopim iit. but they are liaU hed almost in the 

form of the :ulu)t. 

The Silurian family, (Vratiueai idao, rc.seinhled the U'pto'^f'-fua 

in tin- ,io.s.M,s.si,>n of a bivalve shell, and the peculiar movable 

lieail phiU', but tlieir orgatii/alion is t<»o imi>orfeetly known m 

other resjK'ets to <*stablisli tlic r<*lationslup. 

... Nebamdae. j. n. l.. wi.u ly dislnlnUcl. 

O. Sais. blilul or luarly s.., f'*''"'/Jj'*'!’ “' ' ‘..._talks 
Uroau; r,tr,ui>Uulia Clans. ]lr. iinula-s ; NihalidUt .J ‘ ^ . 

ilovrli.|M «l. but %vilh.>ul IciiM H *»r |•i;'l|»clU. thonu ic legs witliou i | ► 

hIiuIIuw \vut 4 *r» I. himI N. Zculaad. 


PiviHion 2. EUMALACOSTRACA- 

Malarostrarn leith aMomiiutl atymaUs including the 

ivlatm. Thvtj are n'ilhout a alnll muacle, and without a caudo 

fork in f/i-c adult. 


Order 1 . Ryncaiuda. Packard.* 

Mnhtro 8 trac 4 t u'iUioul a carapace, aiul with aU the thoraae 

• l>u. lu»rd. A. 8. On tl.e K> .u ari.la. M. m. Nat. Acad. Sc 
hi (2). IKHO. O. M. On a Krcsljuaf. r ^ 

ffijiii Tiuummiu, Traem. Liftn. A’oe., Zool. ' * P' iv (IHUO) p. 

On tUo(ii>mi» Atuo'/dJcM. Traio: It. S<^.. hit,n^>ur.jU. pt. v ^ 

787. la. on tl.o CtiMsifkalion of lh.» CrUK|acca of 

o/ N. //., H<,r. 7. xiii (nK»4). p. 141. I;l. On tin. < 

<ViuilucoiMi Ocinia llalhyfu.*Uu VcJd-»a/oiirn. I^mn. So€»f * 

(IHUU), p. 338. 
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ugmenkt disUru^. The eyes are peduTumlate, ike thoracic legs 
flexed heiween the fifth and sixth segmerUs and there are no ooetegites 
forming a hrood pouch. 

Surviving in streams and freshwater pools at an elevation of 
over 4,000 feet on the summit of Mount Wdlington and elsewhere 
in Tasmania, is a small crustacean measuring 1 to If inches in 
length, which appears in many of its characters to have retained 
primitive features of the malacostracan stock. It was discovered 
and described in 1892 by G. M. Thomson, cmd the very interesting 
relations which it presente to other recent forms, and to palaeozoic 
Crustacea have been set forth by Caiman, lii shape it somewhat 
resembles the Amphipod QammaruSt though it is less flattened 

laterally. 

There is no carapace, and the 
head is divided off by a trans^ 
verse groove, which apparently 
marks the front limit of the 
thorax, though the forward 
slant of the lateral parts of the 
groove makes this conclusion 
uncertain. The head shield 
ends in a short rostrum in 
front, on either side of which 
are the stalked eyes« 

The let antenna has a 3>seg> 
mented base and is biramous. 
A statocyst is present in its 
basal segment, as in the Deca* 
pods. In the male the inner 
ramus is curved at the base and beset with hooks, recalling the 
prehensile antennules of some Kntomostraca. The 2nd antenna 
has a small flattened scale-like exopodite. The mandible has a 
large palp, but is without a lacinia mobilis. Of the two 
maxiUae the first resembles that of the Euphausiidae, but the 
palp is vestigial 

If the above-mentioned groove has been correctly interpreted 
as marking the limit between head and thorax, Anaspides is 
one of the few Malacostraca, in which the eight thoracio 
segments remain distinct. Their append^es are biramous, 
having an ambulatory endopodite (flexed between the 6th and 



ta$maniiu (from Clans, 
after Oalmin)> A* fiiat aDteimae; // 

tborado segment; Sp eplpodltea; 
T tetaoiL 
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Cth segment of tlie limb) and a strong many-jointed swimming 
cxopodite (Fig. 287). The coxopodite bears on its outer surface 
two flattened ovate brancliial epipodites which project forwards 
above the bases of the legs. 


Before the discovery of this form Claus hewi arrived at the conclusion 
that the oostegites of the “ Poracarida,” and the branchiae of Amphipoda 
were both to bo regarded as epipodial structures, which have taken up 
a position internal to the bases of the limbs. In Anaspidts we now moot 
with thoin in tho unmodified condition, and both sorving as branchiae. 



Fio. 287.—Th® Brat and Becood, left, tliowlc IlmU of Ana$yid4i. A inaxllUpod ; B Bnt 
walking leg ; en endite ; eplpudiu-s ; t* cxopodite (after Caiman). 


The first thoracic appendages (Fig. 287 A), though formed in 
most respects on the same type as the others, possess two gnatho- 
basic lobes on tho inner side of tho coxopodite, and have thus, 
to this extent, tho character of maxillipcds. The exopodite is 
also much reduced. In tho 8th both exopodite and epipodites 
are wanting. 

Tho abdomen is powerfully developed and the exopodites of 
the pleopods are strong, many-jointod rami, though tho endo- 
iwdites are reduced to small rounded Jobes. The endopodites 
of tho two anterior pleopods of the male are however modified 
as copulatory organs after the manner of those of Decapods 
The uropods arc broad flattened appendages and form, with the 
tclson, a powerful caudal fin. 

O" knowledge of the internal anatomy is far from oomplote. A 

tree median eye has not been recognized. There is median group 
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of dots on the dorsal surface of the head, of unknown function. 
The stomach is situated far forward in the tliorax and there are 
some 18 slender - hevalic » divcrtic^^ Tlie heart is a long tube, 
tapering at either end. and the wide part lies between the middle 
and the posterior end of the thorax. The excretory organ has 
not been identified, nor has the po.sition of the gnicraHvc onfwv^ 
been satisfactorily determined. The alleged position of the ma c 
orifice on the first abdominal segment, and that of the female 
between the 7th and 8th thoracic, would be cxee]>ti(»nal among 
the Malacostraea. and in neither sox was the duet fi.Ilowcil to its 
opening. Eggs 1 mm. in diameter liave been found in the oviduct, 
yet no trace of brood lamcUac lias been found, and it is probahks 
therefore, that a series of free larval stages occurs in devriopment. 

A group of small Crustacea, PaUicoc.aris, Gfampswyx and 
Acanihoidson, from the Carboniferous and Permian rocks of 
the Old and the New Worlds, have been recognized bypahuum- 
tologists as occupying an isolated position among the Malatms- 
traca, and have been classed by Packard in the group 
Caiman pointed out that they “ agree with each other and with 
Anaspidcs, and together M-ith it stand apart from aU other 
Crustacea whatsoever, in combining with the absence o a 
carapace, the presence of distinctly podophtlialmato characters 
in antennules, antennae, and tail-fan ” f Palacocaris appear 
to have had biramous thoracic legs, but it is not clear that this 
was the case in the other genera, nor are the cpipodial pla^ 
preserved in the fossil forms, hence these features so characteristic 
of Anaspides cannot at present be included in the definition of 

the Syncarida as a group. ^ 

Genus Ana&pides Thomson. Tasmama. 

• Since thia waa written Ana*pidea has 
G. Smith. The author has learnt from Mr. Smith that Iw 
frec-awimming young in the form of the adult of so sin^I a that ho 
'h":: ~ub? ara hatch^ oa^ntially ” 

api>eara therefore that /ImwprWes. like Astaeus and other froshv amr 

forms, undergoes no conaiderablo motamorphowe. 

t Loc cit p. 7i>6. Tho Molocoetraca with stalked eyw have be^ 
claLed in a »«roup the Podophthalmata, in contrast with the 

oTsc^ilo-oycd forms; an arrangomentwhich is nowgonerally 

ahaiidom^ been deai ribed by O. A. Sayco 

24, No. 7 (Nov. 1907). It ia i in. long and 
water pools, near .Melbourne. Victoria. The thoracic legs f*® 
of Amides, but the eyes are aessilo, and there is no scale to tho second 

antenna. 
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Fossil Genera Palaeocaris and AcanthoUlson Meek and Worthen, 
U)al Measures, Illinois, Gampsonyx Coal Measures, Saarbriick. 

Bathynella natans. a minute crustacean, not exceeding 1 mm. in length 

obtained by Vejdovsky in well watef m 
w ^ t n ® ^ An^spides. An account of its anatomy. 

CalmaiTnoe specimen rendered it possible. ,s given by 

skSret^^n^d , biramous appendages, each ^th a 

anterior^f ^ i uropods are well developed, and the most 

present, but the intermediate pleopods are missing. 
■«o trace of eyes was found. ” 


Order 2. Schizopoda.* 

Small Malacoatraca xvith a large and usually flexible cephalo^ 
ifwractc shield, and with the eight pairs of generally biramous 
thoracic legs of approximately similar form. The gills, when 
presesit, form a single, series and project freely. 

The name Schizopoda was introduced in 1817 by Latreille 
or a group of liis Decapoda Macrura containing the two genera 
Mysis and Nehalia. Tlie latter was separated in 1829, but 
uring the next 50 years, as new species were discovered, many 
forms besides those now generally recognized as Schizopods were 
mporarily contained in it, and subsequently placed elsewlicre. 
rhe Stomatopods and some of the lower Decapods were thus 
included, as well as a number of larval forms of Dt‘cap<xls, at 

toeeen^t^^’ (irundUigt d. Crus- 

coon**Arh Boitriige z. Morjihologic d. CruBt«- 

iiiT A?"/ s' Docapoden. Ibid.. T. 5. 1884. G. O. 

Id. I. ® n d'MU dsuee tU Norvlgt, Chriiitiania, 18«7. 

Id- Rtn o*» Nonjes Fauna. Myeider, Chrifltianin. 1870. 

Benet^n Schtzapoda colUcUd by H.M.S. ChalUnger, 1885. E. van 

BeArum*' ISwi I ombryouiSnie des Crustacea, JI, Dull. Acad. 

Ztiis / E. Motechmkoff, Uob. d. NaupIiuBsustund von Euphatjsia 

CruMte^A 1871. R. v. Willemoes-Sulirn^ On some Atlantic 

Mvbia l^nn. Soc.^ 1875. J. Nusbauni, L'Ernbryoloine de 

M ’ P Buuchiimky. /ur Entwickol- 

IR u— \ nH«<. I J!?^***^®**' Sctu^fUn d. neu-russ. OtseUsch. d. Naturforsch, 

I» Zool JnKrT, ®‘ Borgh, Beitr. z. Einbryologio d. Crustacoeii, 

Wagnor. Unt. iib. d. Entw^'d. Arthropoden. 
w. T Sim!!: C. Chun. Atlantis. lixbl. Zool. xix, 1806. 

of Nat Nimt * n the Classification of the Malacostroca, Ann. and Mag. 
Bohizoi>^.V: c!: ]^' W. L. Holt and W. M. Tattorsall, 

the Sea and the North-East Atlantic Slope. Eept. on 

CalfiMM, ^^herxss of Ireland. 1902-3. pt. II. No. IV. i. W. T. 

. «ote on a genus of Euphausid Crustacea. Ibid. No. IV. ii. 
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first regarded as mature animals, which present futures resem- 
bling those of the Sohizopods, but lost by the adidts. 

The group Schizopoda as now undrarstood has hem genmaHy 
accepted since 1861 , either as subordinate to the Decap^ or 
as a distinct order. In either case the species mcluded m it 
have been r^arded as holding a central position among the 
Malacostracaand especiaUy as leading on to the decapod 

In their outward appearance the Schizopoda resemble tto 
long-tailed Decapods, inasmuch as they possess on elonga^ 
and usuaUy compressed body, a large dorsal shield covermg to 
thoracic segments more or less completely and a weU-deyeloped 
abdomen. In to structure of their anterior thoracic legs 
however, they differ essentially from the great majon^ of adult 
Decapods and approach the more advanced larvae of the pray^, 
which they also resemble in their simpler internal organization. 



number of the thoracic segments free. 

The cuticle is generaUy thin, hut in the Lopho^tn^ it « 
strongly calcified and rigid. The front of the cephalothorM » 

usuaUy divided from to hinder part by a groove 
in position with the articulation of the mandible. A r^rum 

usu^ present, long and spearlike in the 

Appendages.-The first ontennoe end m ’ 

the second in a flageUum and a large scale 

mdndibU a laoinia mobilis is present in to Holotropha. absent 

• Cf. however p# 468 
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in the Hemitropha (Fig. 280. p. 438). The first maxillae are 
usually small, two-or three-lobed plates, but in tlie Lophogas- 
tridae a smaU dorsally directed process ending in long setae is 
present, as in Nehalia, the Cumacea, and Clielifera. In this 
family also a large setose exopodial plate of the second maxilla 
is largely developed, homologous with the scaphognathite of 

Decapods. . 

The thoracic appendages are, as the name of the p-oup implies, 

divided ; having a Icg-like endopodite and a many-jointed. setose, 

swimming exopodite, and though in the Holotropha one or 



more of the anterior pairs have taken on the character of maxilli- 
peds they form, as a rule, a uniform series, in contrast with 
differentiated condition found in the Decapods. There are 
two basal segments, to the first of which (Hemitropha) or to 
the arthrodial membrane connecting it with the trunk (Lopho- 
gastridac) the gills are attached, and the second supports the 
exopodite. In the Holotropha the epipodite of the Ist thoracic 
limb U a simple branchial appendage (cf. CheUfera and Cumacea). 
The Mysidao have no cpipodial gills, apart from this appendage. 

In OnatJiophau^ia a small cpipodial appendage on the distal side of 
tlio gill Bi)ring8 from tho baaipodite (Sors) and this, as Caiman suggests, 
may rwssibly bo tho homologuo of tho gill of the Hemitropha (cf. p. 408). 
In tho females of the Holotropha apiwndagcs of some of tho thoracic legs, 
modified as ooaUgiUa, form tho brood i>ouch, as stated below. 

In some Mysidae lobed masticatory processes of the basal joint 
of tho first pair resemble those found in the limbs of Apua. In 



rM 4.90 Sii'tioi) of thv ryo of rhriro i iftft«T rhnn'. nr qxJaI fll'fCB ; t Cornell €on 
rr> 'l.illiiir inflow; >' r>r : f nut froufal eye; n gmnghoil 

rr|N , Oi-Ia) K'riMulioii . /it/p hv|u*i1i'nt)Al rolU ; / UiurlliM* of the liimruous organ 

in ihf* i'yv Hinik . u iiut li*i ol Ihr r» tinnlar ««'1K \%hi«'h iN'm^innu) to the Te^tigial comeal 
fAn t' i-f f ritii . ttr Siiii|Hr\ inukl. vh tnti l< i of h>)Nu1oniml coll*: nr n*tiQal nuclei; 
p-o of iriH jncinont tt\U. o; / »*|»llr lO-fi-*; ;k/» f mi> pigment ; pA luiniDOUS organ : 

r. t f> ttiinlri ; rf( innor •^orfuro of r« lKitorof Hu Iiuiuiuam org.vit : <S bitomi c)'C : Bfritriatou 
Ir'Hlv i\i uuvi tluiii whether tliii or the relhvtor i.** the r-ctsX of tlk* luiuinoua sUbatAAce); 9 


Kuphausiitlar tluM'iMlojuxlitc i)f (!»' last pair {in Euphausic 
of tiu* si'vontli and ri^dith) lias <lisappoan'd, tlie base 

ri'tiiains boaririff tlu* ^dlls and Iho minute exopc'dite. On tlie 
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other hand in the females of NyUiphanes the exopoditea are 

absent from the sixth and seventh pairs. 

The five anterior ahdominal dega are biramous swimmereta 
with a two-jointed base. An appendix interna is present on the 
endopodite in the Euphausiidae. The two anterior legs may be 
modified as accessory copulatory organs in the males of this family. 
In the male SiHella the endopodite bears peculiar branchial (?) 
processes. In the females of the Mysidae (Fig. 288) all the 
pleopods are reduced or absent (another Cumacean character). 
The sixth form with the telson a caudal fin. as in Syncarida, 
Stomatopoda and Decapoda. 

The nauplius eye persists throughout life in some cases 
(Euphausia), and the stalked paired eyes are usually well deve- 
loped, especially in the Hemitropha, which are also provided 
with luminous organs. In several genera of this tribe and 
also in some of the Mysidae, the compound eye is more or less 
completely divided into a frontal portion, with few but much 
enlarged elements, and a lateral (Fig- 290). Moreover, as shown 
by Chun * in the forms inhabiting great depths of the ocean (300- 
000 fathoms), illuminated only by phosphorescent light, retinal 
pigment is absent (cf. p. 333), while the pigment of the ins cells 
is disposed differently in the frontal and lateral divisions of the 

eye {py- • u • 

The luminous organs are spherical structures having, m theix 

fully developed condition (Fig. 289 fc), a transparent ‘ cornea * 

and lens in front of the lamellate body which is probably the 

source of light, and glistening pigment behind it. They are in 

many cases 10 in number, situated in the eye stalks (Fig. 290), the 

bases of the second and seventh thoracic lege, and in the median 

ventral line on the four anterior abdominal segments (Fig. 289) 

They arc supplied with muscles by which they are turned in 

different ways, and emit a bright light either at the will of the 

animal or as the result of direct stimulation. They are among the 

many sources of the brilliant sparkles seen at night in the ocean. 

A closed otocyst is present in the endopodite of the caudal 
appendages in most Mysidae (Fig. 288, Gh), 

Fig. 241 a represente the central nervous system of Euphausia^ 
which is remarkable for the distinctness of the neuromeree, but 
in My ate the thoracic ganglia are more closely united. 

* Atlantis, Bibliotheca ZooU Hit* 10* 
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The Hemitropha are in the adult provided with a largo 
number of thin hepatic tubes, but in the larva, as also in the 
Jlfysirfae, the number is smaller (5 or fewer pairs). There are no 
paired rectal diverticula. 

An antennal excretory gland opening at the base of the second 
antenna heis been recognized in Mysia. 

The heart is tubular, vith a slight anterior enlargement (cf. 
Stomatopoda) in Mysidae, but in the Hemitropha it is short 
and capsular, and situated in the hinder part of the thorax. 
Two or three pairs of ostia are present in either case. 

Respiratory organs. In the Lophogastridae and Mysidae a 
simple elongated or ovate epipodial lobe is borne by the first 
thoracic legs, but the other thoracic legs in the Lophogastridae 
and also the thoracic legs of the Hemitropha bear subdivided 
gills. 

Tlio character of the gills dilTers considerably in the two families. In 
tho Lophogastridae they each consist of a group of three or four bipinnate 
tufts, tho Bogpmente of which are again pixmati6d, springing close together 
from the outer side of the arthrodial mombrane of the seven posterior 
thoracic logs. They are therefore arthrobranchiae. Moreover in 
Oncuhophatuia a small setose lol)o is also present arising from tho basal 
segment of tho limb, and is regarded by Sars as an epipodial structure. 
In tho Hemitropha the gill is a branched rachis, the branches of which 
In^or simple digitate lobes, and it is a podobranchia, springing from tho 
outer side of the protopodite. In this family the siw and tho number 
of the branches of the gills increase from before backwards. 

Ill the Mysidae there are no gills, unless in the genus Siridla^ in 
which peculiar curved lobes, possibly of respiratory function, 
arc borne on the endopodites of tho abdominal appendages of the 
male. The appendage of the maxilliped found in this family and 
in tlio Lophogastridae, is during life kept in constant motion, 
and perhaps rather subserves respiration by means of the cur¬ 
rents BO set up over the surface of the body, than itself 
ilirectly elTects it. 

The oviducts open as usual at tlie base of the sixth thoracic legs. 

In acciirJanco with the differences in the condition in which 
the young are hatched, i brood youch is present in the Holo- 
trojilia, l)ut absent in the Hemitropha. It consists of lamellar 
proce:«cs (uostcgitc.s) from the bases of the two (J/y5i5) to 
seven (Lophogastridae) posterior thoracic legs. r 

Jn tho Hemitropha the eggs are contained until hatching in 
a median or paired ovisac secreted by the oviducts. The 
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spermatozoa are fiUform in Myds, but in the Hemitropha they 
are elliptical cells and, as in the Decapods, are transferred to 
the female in spermatophores. Jn the Holotroplia the vasa 
deferentia opens on conical eminences on the bases of the as 
thoracic legs. These projections are absent in the Hemitropha. 



(I'rom Kortcheliaud Uouler.) 


but the two anterior pairs of abdominal feet are here modified 
as copulatory organs. In the Mysidae the males are distinguished 
by the full development of the swimmerets, and in Stnella by 
the presence on the latter of the peculiar branchial (?) appendages 
noted above. In all, the males are distinguished by the structure 
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of the first antennae, a peculiar tuft of hairs being present at 
the end of the shaft. 

Dsvelopment. The eggs of the Hemitropha hatch out, as 
shown by Metschnikoff {Euphausia),\Xi the nauplius stage, having 
the usual character of the appendages, but with the eye and 
anus as yet undeveloped. In the course of their metamorphosis 
they pass through metanauplius, protozoaea and zoaea stages 
(Fig. 291), the latter (described by Dana as Galypiopis) differ¬ 
ing from the Decapod zoaea in possessing only one pair of 
maxiUipeds. The margins of the shield of the larva are curiously 
serrated. Though the segments are formed in order from be¬ 
fore backwards, the abdominal appendages begin to appear 
before the last thoracic, and their full number is completed first. 

In the development of MysiSy which occurs in the brood 
pouch, the larva hatches in a stage corresponding to the nauplius. 
The nauplius slrin is retained as an envelope within which the 
metamorphosis progresses. All the thoracic limbs are formed 
simultaneously. A caudal fork is present in the larva, as is 
usual in the Entomostraca. 

All known Schizopods are inliabitants of salt-water except 
Mysis relicla, widely distributed in fresh-water lakes in Europe 
and N. America, and a few other Mysidae, which also live in 
fresh-watcr. Several forms allied to Mysia are indigenous to 
the brackish water of the Caspian. 

Many arc pelagic and often congregate near the surface of the 
sea in enormous numbers. The shoals of Euphauaia inermia 
form the chief constituent of the food of the hump-back and 
other whales, which foUow them in their movements during the 
summer months, accompanied by hosts of fish and birds. A 
species of Myaia furnishes food for the herring. They are 
especially abundant in arctic seas, but are widely distributed 
over the globe. Qnathophauaia, many species of which were 
obtained in the voyage of the Challenger, inliabits deep water. 
A discussion of the systematic relations of the Schizopoda is 
given above (p. 463). 

Tribe 1. HEMITROPHA. 

First resemble the succeeding thoracio legs. Posterior part of dorsal 
shield not free from the underlying segments. Mandible without a lacinia 
mobiiis. Heart short, polygonal. The eggs carried in ovisacs, and the 
young hatched as nauplii. 
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Fara. 1. Euphauslldae (Thysanopodidae*). Cuticle tlun : thor^c 1^ 
bear gilU and the last or last two pairs are gener^y vestigia). No 

otoUtWc vesicle, but refracting luminiferous organs. Most ; 

Sub-fam. 1. Eaphauslnas. Eyes not or only sbghtly bilobate , 
none of the legs much longer than their immediate feUows, nor endmg 
in brushes or claws; palps of maxUlao simple. Eup/miisto D^a. 
7th and 8th legs vestigial ; Bortophatuna Sar^ B. 

Arctic to English Channel. Thyaanop^ M. Edw., only the 8th eg 
vestiffial, the 7th like the 6th. Nycttphorue Sars. only the 8th legs 
vestigial, the 6th and 7th without exopodites m female, pedicle of 
1st antenna stouter in male than in femal^ N. 

British and other seas. Me^anyetiphanes Holt and Tatters^, only 
the 8th leg vestigial. 6th and 7th with exopodites m both sexes, 
peduncle of Ist antenna scarcely stouter m the males-t 

Sub-fam. 2. Nematoscellnae. Eyes more or less bdobato. 
2nd or 3rd logs elongated, ending in a brush or claw. Thysano^ 
Brandt, 2nd legs moderately elongated, last thr^^U 
Ntrnatoacelia Sars, 2nd legs much elongated with 

spines, last five giUs branched. Stylochexrtm Sars. 3rd legs el^at^. 
wUh ; more or lees perfect chelate “hand.” gills much r^uced. 
NtmaUMachion Caiman. 3rd legs elongated, with a terminal group 

A 

sSb-Um. 3. Benthsuphauslnae. Eyes imperfect, none of the l^s 
much longer than their follows, palps of maxillae 

DtniheupLusia Sars. without luminifero^ organa. B. amblyopa 
Sars, abysses of Southern Ocean and Bay of Biscay. 


Tribe 2. HOLOTROPHA. 

Firat thor,«,ic feot modified aa m«xilU,>cd». and bo^ng a 
ehial opipodito. Posterior part of tha domal olueld 

thoracic segments. Mandible with a lacinia mobilis. Heart tubular. 
Young develTpod in a brood pouch and becoming free m the adult form^ 

Faro 1 Mysldae. Cuticle thin and transparent; edges of the do^s^eld 

not overlapping the base of the limbs: thoracic legs (except the 

gills : otolithic vesicle usually present in caudal appondogo ; brood la^ll^ 

Saually confined to the two or three posterior thoracic le^. Abdormna 
swimming feot vestigial in female. Myaia Latr., many species, one British. 
Hemimy^ Sara ; Lepiomyaia Sars. The follo^g Sgonera. 

AfysM, are indigenous in the brackish waters of the Caspian Sea . Paramy- 
si. Czom. i Metamyais Sars ; Maaomyaia Czorn. :TtheC^ 
nomyaia Crem. Auatromyaia Czem, occurs m the 

pian. PodopaiaThompe.i AmbtyopaSars; Paeudomma Smbhnd. Ery^ropa 
Sars; Hypererythr<n>a Holt and Tattersall; Euchaaiomara^o^ ; 

Smith ; KaUrythropa, Paramblyopa and DactyUrythropa Holt ; 

Arachnomyaia Chun ; Chunomyaia Holt and Tattersall ; 

Parerythropa Bars; Cataaromyaia Ortmann ; Afj/s«iop»M, 

MvaidtUa Sars; Hateromyaia Smith, abdommal legs of male sm^ m in 
female. Littoral. Qaatroaoccua Norm. ; Haploatylua Kosem. ; Anahtalxa 


• So named from the character of the branchiae (dwroi-ot, o tuft), 
t The genera named by Holt and Tattersall in this and the following 
Tribe have been obtained by these authors from the Atlantic slope to the 
W. of Ireland. 
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liroy.; W.-Suhm. P.armigtr. Male with greatly tiovelopod 

mandibular palp, and small dorsal shield. Eyes blind, curvotl and flat¬ 
tened. N. Atlantic, 100-2,500 fathoms. Borcomy^ie Sara, dcop soa; 
Siritlla Dana, thoracic appendages with claws, endopodites of abdominal 
logs with peculiar spirally curved (branchial ?) proc^osscs. Volagic. 

Fam. 2. Lophogastrldae. Cuticle calcifiod; thoracic logs boar gills, 
and their bases are covered by the edges of tho dorsal shield; otiilithic 
vesicle absent, brood lamellae on seven thoracic legs. Lophogaslcr M. 
Sars, rostrum short, antennal scalo broad. L. typicua M. Sars, a 
bottom form in N. and S. Hemispheres. Ceralolepis Sars. Onaihophausiu 
W.-Suhm, rostrum long, spear-Iiko, outer flagellum of anterior antonnao 
ns long os body. Several spp. from deep sea. O. iiujens Duhm, attains a 
length of over 0 in. from tip of rostrum to that of tclsoii. O. tlrepanephora, 
off W. coast of Ireland ; Chalaraapis Sars, dorsal hIiIoUI overlaps tho 
anterior abdominal segments. One specimen from l,R00fthiii8. S. Oi'can. 
Eucopia Dana. E. aualralis Dana. Four anterior thoracic ap[H!ndag^^s 
modified as maxillipeds, tho three succeeding pairs very long and directed 
forwards. All seven armed with a small prohcusilo claw; 8th sliortor. 
Widely distributed in deep water. 


Order 3. Cumacba.* 

Malaco3traca xoiih a small cephalothoracic shield and four or 
five free thoracic segments, the first, second and third thoracic limbs 
are maxillipeds, the first bearing respiratory lamellae, and iioo or 
more succeeding pairs of legs arehiranums ; tJie abdomen is slender 
and elongated, and generally hears, in the male, two to five pairs of 
swimming feet besides the caudal {6/A) appendages, which are alone 
present on it in the female. 

The CMmacea are small marine animals frequenting the 
neighbourhood of muddy and sandy shores, though they extend 
also into deep water. For our knowledge of their anatomy 
we £tre mainly indebted to G. O. Sars. Tlicy are in many 
respects intermediate in character between the Amphipoda ami 
Isopoda on tho one hand, and the Schizopoda on tho other. 

Tho integument is firm and brittle, and the body divided 

• H. Kroyor, Om Cumacoomos-Familie, Naturh. Tidskr., 1846. A. 
Dohrn, Ueber Buu. u. Entw. d. Cumaceon, Jen. Zeila.,^. v, 1870. H. Blaine, 
Dov. de I’oeuf et formation d. fouillcts primitifs choz la Cuma Huthkii, 
Rcc. Zool. SnisM, II, 1885. H. J. Hansen, laopoden, Cumacecn u. StomaiO' 
poden d. Plankton-Expedition, 1895. G. O. Sara, An account of the 
Cruatacea of Nor-way, III, Cumacea, Bergen, 1900. Caiman, W. T. Tho 
Marine Fauna of tho W. Coast of Ireland, pt. IV, Cumncea, Fiaheriea, 
Ireland, Sci. Inveat., 1904, I (1905). Id. Cumarea of the Siboga Exped. 
Leiden, 1905. 
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into regions which correspond approximately with those found 
in the Stomatopods. 

Tho oval cephalothorax includes the three anterior thoracic 
segments. It is produced laterally into folds fitting closely at 
tho margins, including a respiratory chamber on either side. 



pro. ft <em4to iftom CUo.)- 


Anteriorly the eido. of the oephniothorax extend 
(except in Stephawmma) meet one another, formmg a ^ 

peeudo-rostrum in front of the rostrum proper. y ’ , 

^nt. are situated on the Utter. The sx^ace is 
in the males but frequently spiny in the females and pr 


*“ 11 .^trg abdomen is capable of being bent 
ventraUy or doreaUy, the latter movement ha^g 
name Oniacus $corpioideSt under which I^pechin gave 
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description (1780) of a member of the order. A dagger-shaped 
telson projecting beyond the sixtii segment, may or may not 
be present. The anterior antennae are short and biramous. 
The posterior are uniraraous, short and, in many cases, unscg- 
mented in the female, wliUe in the mate a multiarticulate flagellum 
beset with sensory hmrs and equalling the body in length is borne 

on a five-jointed shaft of the appendage. 

The mandihlt is without a palp. The 
two-lobcd first maxilla has a back- 
wardly directed process bearing two 
long setae, which lie in the respiratory 
chamber, in which feature, as in the 
elongation of the posterior antennae f»f 
the male, the Cumacea resemble the 
Loptostraca. The second maxilla is a 
small lobed plate. 

The first mtixiUi'ped of the Cumacea 
(Fig. 293) is modified in relation with 
a peculiar form of respiratory op})aratus 
wliich finds its parallel only among the 
Tanaidacea {see p. 478). The main 
ramus is a short and stout setose limb, 
in apposition with its follow. From its 
basal segment a large 8cooi>-shaped 
appendage (pp) projects upward and 
backward into the respiratory chamlor, 
bearing on its inner margin a number 
of branchi.al lamolltve, which lie in the 
hollow enclosed bctuccn tlie appendage 
and the tlioratic wall, l^urthcr, from 
t)io base of the maxillijK'd another pro¬ 
cess (np) extends forward, which curves 
ronnd to meet its fellow in front of the labrnm under the 
front of the liead, and with tlie adjoining parts, forms a 
chaiinel tlirough Avhicli water, driven by the scoop-shaped plate, 
is directed forwards from the brancliial chamber. It would 
appear that these processes must be regarded as epipodites. 
The posterior, in the combination of branchial filaments with 
a plate-like lobe, recalls the podobrancliia of Other 

branchial structures are absent in the Cumacea. 



Fin Z03 — llifthl niAxiJIipod 
of fmn 

Above (alter Ban), a.p. aii- 
nhil p,p, jKistchor pro* 
tn>m ill*' b.xAO of tbc ap* 
f>cni 1 u^o ; end ftegoiout 

b^ikriDg tho cndopoiIiUs. 
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The second maxilUpecls arc intermediate in character between 
tlio first and the succeeding appendages timugh they are with¬ 
out cx<»podites. In adult females they bejvr at their bases short 
fan-shai>od appendj^es which lie at the anterior limit of the brood 
chamber, and, apparently, promote the respiration of the young. 

Of the remaining six thoracic limbs two to five of the anterior 
pairs bear well-developed setose exopodites, springing from tlio 
basal joint, by moans of which the animals swim. The number 
of tlicso appendages wliich are birainous, is greater in the male 
than in the female. In the abdomen, again, the uropods are 
alone present in the femalc.s, as long and stiff biramous struc¬ 
tures, beset with setae like the teeth of a comb, but in the males, 
short simmming feet are generally found on some of the anterior 
sognjcnts 

In the central nervous system each of the postoral segments (17) 
Ls represented by a ganglion. In comparison with other 
Malacostraca, the Cuinocea arc very poorly provided with 
organs of vision. When present at all the eyes form a median 
group (paired in the larva, and in Nannaatacus in the adult) of 
pigment spots, with several small refracting lenses, situated 
on the rostrum. They are probably to l)e regarded as paired 
eyes, which have become approximated. 

In the alimentary canal a masticatory stomach and generally 
three pairs of hepatic tubes arc present. In Platycuma Holti 
Caiman has recently described (loc. cit.) a long coiled tract of 
the aliinentary canal (atoniodcal t)—a most exceptional condition 
in Crustacea. 

The heart Is oval and lies in the anterior free thoracic segments, 
and tho adjoining part of the cophalothorar. A convolutod 
shell gland is present in tho ncighbourliood of the second maxilla. 
The orifices of the oviducts liave not boon recognized, but tho 
vasa dcfiTontia open as usual on the last thoracic segment, 
and tlio 8p(5rmatozoa arc filiform. A brood pouch is formed 
in the breeding season by paired over-lapping lobes beneath tho 
fourth, fifth and sixth (tlie first tlu'ee free) thoracic segments. 
Tho relation of tliose lobes to the cpipodial oostegites of other 
Malacostraca has not been satisfactorily determined. 

Tho males of tho Cumocea are found at night, swimming in 
shoals, from which females arc absent. Tho females on tho 
other hand arc found more abundantly in sand on the bottom. 
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Corroepondixtg with this difference in habit there is a weU 
marked sexual dimorphism, the males having the carapace 
smooth, long posterior antennae, and the differences in the 
thoracic and abdominal appendages noted above. None of 
the appendages of the male are modified as copulatory organs. 

The young of the Cumacea are hatched in the form of the 
adult, except that the eighth thoracic feet are absent, in which 
aa in other features of their development they resemble the 
Isopoda. 

The arctic seas, up to the edge of the perpetual Ice, are especially 
rich in genera and species of Cumacea and here too and in deep 
water elsewhere they attain their largest aze (35 mm.) They 
also occur in the antarctic seas, but appear to be scarce in 
shallow tropical waters. They have been taken from a depth 
of 2,600 fathoms. The free*swimming shoals are the prey 
of shoals of herring. Together with species of Mysidae and 
other relicts of a marine fauna the Cumacea are represented 
by several species in the salt waters of the Caspian 8ea. 

No fossil forms are known. 

The Cumacea are arranged in the following nine families by 
G. 0. Sara. 


Fam. 1. Cumidss. Carapace comparatively large; thoracic appen¬ 
dages 5-8 without exopoditoa in both aexos ; 6 pairs of pleopoda in 
male. Teleon absent. Cumo M. Edw.; Iphinoe Sp.B.; Cychsp*^ 
O.O.S.; CycUupoidea Bonnier; OiimopM G.O.S. ; Stepfumomma G.O.8. 

F.im. 2. VauntbompsODlldAe. General form as in Cumidae, but 
esopodites are present on thoracic legs 2-4 in the female, 2-6 in the male. 
Vaunthoinpaonia Sp.B. 2 spp. known one British (F. crisUUa) the other 
from Kerguelen. LcpfocumoG.O.S. ; He^erocumo Sliers^Ba^Ai/cumoHaDsen. 

Fam. 3. Lampropldae. Carapace generally rather small; exopoditee 
on thorocio legs 4-7 ; pleopoda not more than 3 in the male. Telaon well 
developed. Lampropa Q.O.6. ; ffatni/ampropa 0.0.3. ; Paraiampropa GtO.8. 

Fam. 4. PUtyaspldae. Reeorablea the last, but the carapace very 
largo and Sottened, and thoracic appendages 6-8 without exopodites in 
the male. Plaiyaapia G.O.S. ; Chalaroattjlia Norm. 

Faro. 6. Leuoonldae. Caropace small; thoracic appendages 4-7 
with exopodites ; only two pleopoda in the males ; telson al^nt. Ltucon 
Kroyer ; EudoreUa Sp.B. ; Eudortllopaia G.O.S. 

Fam. 0. Diutylidas. Head and thorax tumid, abdomen abruptly 
narrowed, with freely moving nodular segmonta and a long diet ally tapering 
telson. Thoracic appendages 4-6 in female, 4-7 in male with exopodites, 
8 pleopoda in male, uropoda long and slender. Diaatylia Say, acme SO 
known spp. (Fig. 202). IHaatyloidae G.O.S.; Diaatylopaia S. Smith ; Lapto- 
stylia G.O.S.; Pachyatylia Hanaen. Patudoduiatylia and Paradiaalylia 
Oalman. 
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Fam. 7. PseadoeomldM. Resembles Diastylidae and Lampropidae. 
but the telson is very small and flap-shaped, and the inner rami of the 
uropods are unsegmented. Paeudocutna G.O.S., 1 ep. found in the Caspian 
Sea ; Pttaloaaraia Stebbing ; and the 4 following hitherto only known from 
the Caspian : Pterocuma O.O.S. ; Sunocuma Q.O.S.; Sehiuyrhynehu* 
G.O.S. and Caapiocuma G.O.S. 

Fam. 8. NannasUeldM (= ComslUdas). Telson and pleopods absent; 
thorado appendages 4-7 with exopodites in the males. Uannaataeua 
Sp.B. with paired eyes; Oumella G.O.S. with a median eye. 

Fam. 9. Campylaspldae. Carapace very large depressed in front, 
vaulted behind ; endopodite of 1st thoracic appendage (Ist maxiU ipeu) 
rudimentary. Campylaapia G.O.S. 


Order 4. Tanaidacba (CHSLmBA).* 

Malacoatraca with a cephalo-thorax formed by ihe fusion of the 
hoc anterior thoracic aegmenla with the head, and produced on each 
aide into a fold forming a respiratory chamber. The aecond 
thoracic limba end in large chelae, and the abdominal appendages 
are lamellate and natatory. 

The small Crustacea belonging to this order, occupy an inter¬ 
mediate position between the Cumacea on one hand and the 
Amphipods and Isopods on the other. 



FlOi 29i.^Ap$wd44 (from ikftet 0» O. B4i»)« 


The body is elongated and nearly cylindrical. The second 
thoracic segment wliich in most Amphipods and Isopods is the 
first free one is here, as in the Jjaemodipoda, umted with the 
head to form a cephalothorax. the sides of which are produced 
into two folds, enclosing a respiratory chamber. The eyes, when 
present are raised on short stalks but are not mobile. The first 
antennae are biramous in Apaeudea, uniramous in Tanais and 

• ClauB, Ueb. Apoeudas latroillei und die Tanaidoo, Claus* Ar^atten, 
T. V aod vii. Ban, Crustacea of Nor^soy, Isopoda. 
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its allies. In the latter genus, according to Fritz Miiller, they 
bear at their bases otocyats^ as in Anaspifix^s and the Decapods, 
though this observation has not been confirmed by later wTiters. 
The second antennae bear in A'pscvxles an oval seale-Iiko 
oxopodite, recalling that of Anaspidcs and the Stoinatopods. 
The mandibular palp may be present {Apscudes) or absent 
{Tanais). The first maxilla bears a back«ardly directed setose 
flagellum at the base of its outer lamella as in (^imaeca and the 
Lcptostraca and tlie Lophogastridac. The second may bo small 
or absent. Attached to the base of the maxillipcdji is a stalked, 
scoop-shapcxl, membranous .ipijendage which lies in the respiratory 
chamber, and is evidently homologous with the epipodial plate 
of the maxillipcd in the Isopods and Holotrophous Schizo- 
j)ods, and apparently with the posterior plate of this aj)i)endagc 
in tlu‘ Cumaooa. It does not appear that this, or any other 
structure of the Tanaidae is a true branchia, but by its move¬ 
ments and that of the flagellum of the first nuixilla, water is 
kej)t flowing through the re-spiratory chamber, in the out<;r 
wall of which the blood circulates in a large sinus. 

The second thoracic litnhs end in powerful chelae, likctliosoof 
tlie next pail but one in tlie Decapods. In Apscudc<*‘ the third pair 
i.'i large* and hissorial. In tliis gi'nus also, botli second and third 
pairs l>*ar iiunute exopoditos at tlicir bases (Fig. 294, cf. Cuma- 
coa). Witli the exception of the oostegites, mentioned below, 
cpipoditc.s arc absent from the seven j)osterior thoracic limbs 
As in Ampliipods and the Plireatoicidae among the Isoiwda 
the three- posterior thora<'ic legs are directed forward. The 
live, ant^'tior uli(i''fninal appendages (tlicir number may bo 
r»*(lucefl) arc natatory. They resemble one another and consist 
of two simple flattened setose lobes borne on a basal joint. The 
sixth an- filift>rin and project beyond the hind end of tlic body. 
In (bi>«' feature.s the (‘holifera re.semblc the Isopods, but tbo 
alHloininal appendages arc not nu>dified as !)ran<‘liiii6, as in that 
■ »rder. In lu-eordanco with the position of the paired respiratory 
ehaniher in the anterior part of tlie thorax, the heart also is 
tlioraele, and it does not sup))!y art<*ries direct to the abdominal 
ap|k’ndage.s, as it does in Isopods (Delage). 

A shell gland is present on tlie second maxilla (Claus). In 
somo eases sexual differences in the slmjie of the first two pairs 
of legs and in other features may be marked 
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The eiggs undergo their development in an incubatory pouch 
formed by one (Taiwzw) or more pairs of oostegites developed 
from the ventral thoracic region. The embryos are dorsally 
hexed during their development, as in the Isopoda. The last 
thoracic, and aU but the last abdominal appendages are absent 
in the newly hatched larva, as in the Cumacea. 


In TanaU dubiu« (?) Kroyer. from the coftat of Bmzil. according to 
Fritz Muller, the males resemble the females until the last moult. After 
this they apparently cease to feed, the mouth appendages being l^t. 
and in respect of their secondary sexual characters a|.|H>ar under two 
forms. In one, which is tuoro abundant, they bear some 11. to 17 olfac¬ 
tory hairs on the anterior antennae, and have largo "mobile 

chelae, for holding the female, while the others are provuied with chelae 
resembling those of the female, but are more nchly oqiupped with 
olfactory hairs. 

The Tanaidacoa live on the bottom of the sea. in mud, fre¬ 
quently in tubes formed of agglutinated particles, from shallow 
water to a depth of over 1,000 fins. 


Fam. 1. Tanaldae. Tanai^ named by M. Edw. (subgonera HeUroianais, 
ryphlot..r>ui..l.tpU.,jnnlhia. TanaopsU. Crpploc,.,^. Hnploco^. 

J^rthrura, P,Ll«tanaU all O. O. Snrs. D,vna) 

simple, mandibular palp ab-ou., 2n.l. 3rd an.l 4th l.-ge nearly al.ke, an.l 

the sixth abdominal leg sliort. . • > 

Fam. 2. Apseudldae. U eyes se^. e. ^ 

biramous, the postcri.ir iK-.uing an <»nter setose lobe. ^ / 

present, 3rd thoracic log large, the uropods elonga^. plated g. nc 
Parapteudes G. O. Sars, and .Sphyrapus Norman and Stobbmg. 


Order 6. Isopoda.* 

Malacoelraca urithout a r^irapccc and nsually with broad arid 
•omewKat fiaUened body, with seven tree thoracc nnys and wdh 

• H. Rathke, UnUrsurhunyen uirr dir zIT 

I^ip.ig, 1832. .8.^8- 

Anat. Sopra un nuovo generc de i.rusiacfi .. 

far 

Oaiscua 

mann, 1- 

Usher die Familie der Bopyriden. etc.. ' cV,' lul Monogranhiam 

T. 4. 1882. srhiodm, j. r. ' .HTi.-ssf i-., k. 


flu«. ScUnt. d* ta Franc* tt de la ^ H J Hanwn. Cirolanidae et 

2*W. 8UU. Zool. Wimereux, T. vui, 1900. H. J. nanwn. 
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lamellar legs, whose inner rami serve as branchiae, on the shorU 
ringed, often reduced abdomen. 

The body is flat and covered by a Arm, usually calcareous 

integument, and presents in its 
structure a great agreement aith 
that of the Amphipoda. The ab* 
domen is, however, usually much 
shortened and the segments are often 
fused with one another forming a 
large caudal shield. The endopodites 
and sometimes also the exopodites of 
the abdominal legs are modified as 
branchial lamellae. 

Isopods are in great part littoral 
Crustacea though some species (re* 
markable for their large size, and 
development of spines, Beddard) in¬ 
habit the bottom of the sea at great 
depths, others (e.g., AseSlus) are in¬ 
habitants of fresh waters, and one 
group, the Oniscidae, is terrestrial. 
Besides these free-living forms many 
are parasitic on the bodies of fishes 
and Crustacea and in their structure 
and mode of life depart in varying 
degrees from the type of the free 
living forms, which however always 
recurs in the larval stages. 

The anterior antennae are, with a 
few exceptions, shorter than the pos¬ 
terior and external antennae ; in rare cases (Oniscidae) they 
become so much reduced that they are hidden beneath the 
cephalic shield. 

As in the Amphipoda delicate plumose setae and olfactory 

faniilioo notmullao propinquae, Vid. Selak. Sknft. Kjdbenhaven, 1890. 
.r. Xuabaimi. Mat*‘riakUen zur Erabryogenie u. Hiatogenie d. laopoden, 
Ahh. Akad. Krakau, 1893 (Polish). J. H. StoUer, On the organa of reapwa- 
tion of the Oniacid^, Bibl. Zool. Heft, xxv, 1899. G. O. Sara, Hiat. Nat. 
d. Cruatoc^ d’eau douce de Norvege, niriaiianis. 1807, and Cru$tacta 
of Norway, vol. ii.. laopods, 1890-99. O. Smith, Fauna u. Flora de* 
Ooife* von Neapel, Monog. 29, Rhizocephala, 1906, et-c. 
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vesicles are present on the antennae, but both anterior and 
posterior are uniranious. The mouth parts arc generally 
masticatory, but in tlie parasitic forms they are suctorial, and 
depart more or less from the typical condition here described. 
The mandibles bear a three-jointed palp, only wanting in Onisci- 
dae, Bopyridae, and some other cases. The first maxilla is, on 
the other hand, without a palp and consists of two lobes, con¬ 
nected by a basal “ cardo,” and the second is plate-like and 
produced into four or fewer lobes. The closely united maxillipeds 
borne on a common basal piece (Fig. 296) form a structure like 
the labium of insects limiting the space about the mouth pos¬ 
teriorly. Each half consists of a basal segment {stipes) bearing 
externally the 
5- or fewer 
jointed palp, 
and produced 
into a lamina^ 
which may be 
connected 
with its fellow 
by interlock¬ 
ing hooks. A 
large epipo- 
dial (?) plate 
(v) is c o n • 



ncctcd with 208.— MaxHllpod of Attlltu aquaticua (after GcretAockcr). fa 

tllO OUt<5r fliclo lAmlnft ; m ol fint thoracic segmcDt; p palp ; ftllpoa , 

V cpipodlal (?) pUto. 

of the stipes. 

The seven succeeding pairs of thoracic lege are, as a rule, adapted 
for walking or attachment, while the abdominal appendages are 
hero modified in varying number, to serve as respiratory struc¬ 
tures. Wlien so modified, they consist of a basal segment support¬ 
ing two rounded lobes, of which the inner has a delicate wall 
permitting the oxidization of the blood, while the outer, which 
protects it, is of firmer consistency. An anterior pair often 
forms an operculum (e.g. Aeellus), while the 6th pair are frequently 
styliform or natatory; but in the Idotheidte the latter are valvular, 
folding like doors over the other abdominal appendages. In the 


deep-sea form Anuropus they are respiratory Uke the preceding 
appendages. In another decp-scaform, Bathynomusgiganteus, there 
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„ branched outgrowths from the margins of the endopodit^ of the 
pleopods, increasing the respiratory surface. In the parasitic Bopy- 
rina the pleopods may be reduced to simple plates, or, as in /one, 
produced into long fihform and, in the female, branched appen¬ 
dages. Finally, among 
the terrestrial Oniscidae, 
some genera {PorceUio 
and Armadillium) liave 
acquired the power of 
breathing air, the oxo- 
podites of two or more 
of the anterior ab¬ 
dominal limbs being 
penetrated by numbers 
of minute tubular air 
spaces (Fig. 297), open¬ 
ing at a notch on the outer margin, and 
causing a shining white patch visible to 
tixe naked eye; the endopodites ofj some 
of the limbs meanwhile retain the deli¬ 
cate lameHar character, enabling the 
animal, while in moist places, to breathe 
oxygen in solution. 

The central nervous system resembles 
that of the Gammaridae among the Am- 
phipods. In Oniscit^ the nerves to the 
mouth parts arise from the oesophageal 
commissure. 

Eyes are usually present and consist of 
few or many elements, grouped together, 
in varying degrees of closeness, but they 
differ from those of the Amphipoda in the 
fact that each element is provided with 
a lenticular cornea. Thienemann * has 
shown that a pair of otocysts, each opening by a narrow 
orifice to the exterior, is present in the telson of Anthura. 
In the nearly allied Paranthura they are absent. 

The alimentary canal in most cases resembles that of the 
Amphipods, but rectal diverticula are not present in Isopods. 

* Statocyatoa bei Anthura gracilis, Zool. Anztiger^ xzvi. (1903), p. 40G. 



Fio, 207.—ExnpodlUj of 
nghi alxiominAl appeu- 
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from tho dorsal side. B Id 
section along tUe Unc s-t 
Id a (after StoDer). 1 ar¬ 
ticulation of exopodite 
w\ih pnitopodltc; 2 Uio 
•‘respiratory tree*': 3 

blood cavity ; 4 opening of 
tho respiratory tree ; 5 lU 
cavity. 
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In the parasitic Hemioniscus and Cryptoniscus the alimentary 
canal ends blindly in the adult state, in a bilobed sac produced 
by the dilatation of two of the hepatic tubes. 

Excretory organs. A small antennary gland has been recog¬ 
nized in the base of tlie first antenna, and a shell gland in the 
maxillary region. 

The heart differs from that of Ampliipods in its more posterior 
position, being largely contained in tlie abdomen, in ending 
blindly behind, and. in many cases at any rate, in giving off 

lateral arteries direct to the limbs. 

Reproduction. In the great majority of Isopods as in most 
other Crustacea, the sexes arc separate, and in shape and 
size the male and female are alike, but in association with the 
parasitic, and hence more or less stationary habit, we meet with 
two departures from the rule— herma'phroditism, and strongly 
marked sexual dimorphism. In die usual condition tliree tubular 
lobes of the testis on either side of the male unite to form a 
dilated seminal vesicle from which the vas deferens passes to a 
cylindrical or papilliform paired {Asellus) or single {Oniscus) 
penis, at or near the middle line on the last thoracic segment. 
The second abdominal appendages of the male are, moreover, 
provided with etyliform processes from their inner borders. 

In the female the simple tubular ovaries communicate laterally 
w’itlj oviducts which open on the sixth thoracic segment. Oosie- 
gites, arising close to the bases of the limbs of from two to six 
of the thoracic segments, form a brood pouch. 

The female genital apertures often appear only at the time of 
formation of the brood pouch. 

Tho phenomena of fortilixation and the production of the brood in the 
Oniscidae, ae doacribed by Schbbl • aro very remarkable. According to 
tliis author the two roceptacula, which are invaginatiooB of the outer 
integument into tho moutlis of tho oviducts, are at 6rat not in 
open communication with tho latter. Only after sperm has, during 
copulation, entered the roceptacula, does it enter tho oviducts 
by the bursting of tho walls separating them from the roceptacula 
and thus bring about tho fertilization of tho oggs in tho ovaries. 
Tiio animal then casts its skin, and with the skin the rooepteoula 
Bominis. Tho two genital apertures are now no longer proeent. The 
fertilized oggs pass from tho ovaries into tho body cavity and thence 
through a newly-formed, unpaired, birth ajwrturo in tho last thoracic 


* J. Schbbl, Ueb. d. Fortpflanzung isopoder Crustacoon, Arch. /. mibr. 
Anat., Bd. xvii (1680), p. 125. 
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Begment but one, into the brood cavity. A new batch of eg^ is fertilized 
later in the ovary by sperm left over from the first copulation, and this 
reaches the brood cavity in the same way. After this second batch of 
eggs has been developed in the brood cavity and the young that are 
hatched have left it, the animal moults, and then again appears as it was 
before copulation. (Lang.) 

In Spkaeroma rugicauda the greater part of the development 
of the young occurs, not in the brood space but in four paired 

brood sacks, formed by in¬ 
vagination of the ventral 
wall of the tliorax and ly¬ 
ing within the body. The 
young must enter tliese 
sacks soon after the eggs are 
liatchcd.* 

Among the Cymofchoina 
which are parasitic in the 
mouth and branchial 
cavities of fishes, three 
genera {Cymothoa, Anilocra 
and Nerocila) have been 
found to be hermaphrodite, f 
being male when young and 
acquiring female characters 
at a later period. 

In the young stage they 
possess three pairs of testes, 
two rudimentary ovaries 
internal to the testes, a 
paired copulatory organ into which thetwo vasadeferentia open 
(Fig. 298), and the styliform processes of the male on the second 
abdominal legs. In the course of further growth, including two 
moults, the testes diminish and the external male organs dis¬ 
appear, while the ovaries develop and oostegites ^w out 
from the ventral surface. Henceforward the animal is female. 
Many Epicaridoa are similarly hermaphrodite ; they are referred 
to below in relation with the metamorphosis of Isopods. 

The embryonic development begins after the entry of the eggs 

• Leichmaiiu. Bibl, ZooL Hft. 10. . . t j 

t J. Bullar, The generative organs of the Parasitic Isopoda, Jox^. 
AnaL Physiol., 1870. P. Mayer, Ueber don HorraaphrodiUsmus euuger 
Tsopoden, Mitthvil. aus der Zool. Slat. Neaptl, 1870. 
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FW. 208.-0 Female phase of Cymothoa 
Banin (after M. Edwanls). Bpr oostcgitc. 
h sexual onrans from a young Cymolhoa 
<ettridet (alter P. Mayer). Od oviduct; 
Op ovary; P penis ; T the throe teste#; 
VJ vas detortos (fn>m Cbus). 
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into the brood pouch, and is introduced by a centrolecithal 
segmentation, the central part of the egg (food yolk) remaining at 
first unsegmented. The blastoderm soon consists of a periphe¬ 
ral layer of nucleated cells and produces by a rapid growth of its 
constituent cells the ventrally placed germinal bands, at the 
anterior end of which the cephalic lobes are first marked off. 
In Asdlud two lobcd prominences arise as paired appendages of 
the dorsal part of the thorax and shortly disappear. These are 
known as the “dorsal organ,’* but their nature is problematical. 


Of the appendages the two 
pairs of antennae and the 
mandibles are first formed 
in AselltLS (Boas) and Ligia 
(Nubsaum), and after these 
have made their appearance a 
new cuticle, corresponding to 
that of the nauplius stage of 
other Crustacea, is separated, 
and envelops the embryo 
until it is hatched. While 
liowever the separation of 
this nauplius skin is of fre¬ 
quent occurrence among 
Isopods, the formation of the 
limbs in Cymothoa and Ont>- 
CU8 is simultaneous, witli the 
exception of the last thoracic 
legs. These do not appear in 
the Isopoda until after the 
embryo has been hatched for 
some time. The caudal ex- 



Pio. 209.— Oyg0 bfQn€hiali 0 . a female 
•oca from the voDtrsi tide ; & •bdomen of 
the aonio more tdghty mAgalflcd^ end 
•howlng theadhcreDi melo ; Brtoo^itgiie ; 
K branchUtl UmlUAO (from CUud after 
ConiAlU end PAnoerl). 


tromity is bent towards the dorsal surface during development. 

Metamorphosis. Besides tlio development of the last (eighth) 
thoracic legs not inconsiderable changes occur in the form of the 
appendages before the attainment of sexual maturity. Hence 
the Isopoda may be said tc> undergo a metamorphosis. Among 
some of the parasitic forms it is of a very marked character. 
While the modification of structure in relation to the parasitic 


liabit is comparatively slight in the Cymothoina and Aegina, 
the Bpicaridea present a series of modifications which culminate 
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ui the g^us Cryjftoniscus in which, in the adult female, all cruata- 
cean characters are lost (Fig. 302). 



Pio. 300.—LarvA of Bopyrtu nrMf, with 
elx pdra of thoracic legs (After B. 
Walz). .i'. ul" two |uurs uf oatcBnao ; 

flret abdomloAl segment; Mdb 
mandible ; Ul under Up. 


In the Bopyridae, examples of which 
are Oyge hranchialit (Fig. 299) which 
inhabits the branchial chamber of the 
Anorauran Oebia, and Bopyrut 
aqttillanim which gives rise to the 
tumour-like swellings which often 
appear on one side of the cephalo- 
thorax in prawns, the Iar\'a escapes 
from the brood pouch as a minute 
creature, J to i mm. in length, and 
with its posterior antennae and ab¬ 
dominal appendages adapted for swim¬ 
ming (Fig. 300). 

On reaching the branchial cavity of 
its host, which from its small size it is 
able to enter, it undergoes a metamor¬ 
phosis. The females grow more or less 
luisymmotrically to a considerable size, 
their limbs become small, or are lost 
altogether on one side, and a spacious 
brood pouch is formed by the develop¬ 
ment of large imbricated oostegitea. 
The males on the other hand are 


dwarfs (2—t mm.) and aro found clinging to the 
alxlomen of the female (Fig. 299). 

Tlie Crj'ptoniflcidoo are parasitic on the bodies 
of the Cinipedo group the Rhizocophala, which 
themselves in the course of a remarkable life 
historj’ (p. 428) oppoar as externally projecting 
parasites on Decapod Crustacea. 

It htu boon showm by Kossmann, Giard and 
Bonnier and by G. Smith that the individuals of 
the Crj'|)toniBcidae ore hermaplirodito and pro* 
tandroufl. In the young free-swimming state, in 
wliich they resemble the lom'oe of the BopjTidae, 
the ftaired testes ore fully developed and the 
ovaries (Fig. 301) form small paired lol>e8, at their 
inner and anterior margins. In CryptonUcu3 the 
larvae are some 1'14 mm. in length, and are provided 
with well-dovolopod eyes having single lenses. 
In this male phase they fertilize individuals in 
the female phase which are attached to the bodies 
of (heir hosts. They then attach thomsolves to 
a host, hy moons of the anterior thoracic claws 
and imdergo a metamorphosis within the larval 
skin. The testes degenerate and are absorbed by 
a number of largo " phagocjdic ” colls (Smith), 
while the ovaries develop. On the bursting of 



no. *01. — Docul u* 

poet ot ibe UrvA o( 
Danalia eurvots, la the 
male stage (ahor Q. 
Smith). n pbago- 
eytlc oeUs; eo nidi* 
mentarr orariea; I 
testes (from 0. Smith). 


the larval akin a grub-Uke creature emerges, '0 mm. in length, and pro¬ 


vided with a single pair of short and stout limbs situated behind its 
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mouth by means of which it buries ite anterior portion, which becomes 
elongated, in the body of the Cirripede (Fig. 302) and thus absorbs the 
nourishment derived (in the case of the Rhizo* ^ 

cephala) from the body of the crab or hermit 
crab on which in its turn the host is parasitic 
(Fig. 277, p. 430). 

The dilated intestine ends blindly. The heart 
and ovcuy persist at the posterior end of the 
retort-shaped body, but the heart may disappear 
in the course of further growth. The eggs de¬ 
velop within the body of the mother, and escape 
by the bursting of the body wall. 

The Entoniscidoo go through a similar meta¬ 
morphosis, the young in the male phase being 
attached to the bodies of the “ females,” os in 
the Bopyridae, but themselves afterwards pass¬ 
ing into the female phase (seep. 491). A second 
form of male individual is, however, in the 
Entoniscidae, found on tho “females,” ond 
those are regarded by Giard and Bonnier as 
“ male" larvoo which liave for some reason 
failed to oflect their further motoinorphoais. So 
that wo appear to have in tliis sub-family a case of 
sexual dimorphism in which as in some Cirripedos 
hermaphrodites and dwarf mules occur, but 
here the phenomenon is complicated by tho 
herraapkrodites being protandrous. 



Section 1. Isofoda Gbnuina. 

Tho second thoracic segment distinct 
from tho ccphalo-thorax, tiic eighth nor¬ 
mally developed and bearing limbs. Seven 
thoracic limbs always present in tlio 
young, after tho larval stage. 
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Pro. 802.«-<*ToiiDg fernAld of 
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Tribe 1. ONISCOIDEA, 

Woodlico. Body oval. First antennae vesti¬ 
gial. Mandibles without imlfMi. Abdominal foot rwlapted for air breath¬ 
ing, tho endopoditos form dulirato branchiae, tho oxopoditos constitutin'^ 
homy ojKjrcula, which in tho case of tho two anterior leot in l*orceUio ond 
ArmailiUidium contain oir-chombera. Torrostiuil. 

Fam. 1. Onlscidae. Ligia Fob.; Titanethes ScluSdto; Ligidium 
Brandt ; StyUmi^cut Dana ; Trichonucu* Brandt; Philoncia Latr. ; Deio 
Guor; Onucus Linn.; For eeUio Lair. (Fig. 207); Cylisficu^ Schnitzl. ; 
PUUyarihrus Brandt; ArmadiUidium Brandt; PattuiarmadUlo Sauss. ; 
SphturonUotu Gerst. ; PeritcyphU Gerst. ; ArmadiUo Latr. | Tyloa 
Aud. ] 8y$p<utu« Buddo-Lund. 

Tribe 2. ASELLOTA. 

Some abdominal legs adapted for respiration in water and generally 
covered by the first, which form on opercular plate. Uropods terminal 
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Fam. 1. Asellidae. Body flattened, antennae with long flagella. All- 
or all but the first, abdominal aegmente fused and covered by a caudal 
shield. The two anterior pairs of abdominal feet small, the three next 
largo and respiratorj*, the sixth styliform or lobed, and projecting pos¬ 
teriorly. Marino and fresh water. PUurogonium Sara; Ltpltupidia 
Sp. Bate; Jaera Leach; Janira Leach; Asellua Geoffr. (Fig. 295); 
Afunno Kroy. ; lechnosoma Sars ; Paramunna Sars; Macroetylu Sars. 

Fam. 2. Munnopsldae. Eyes absent. Body elongated, often wide in 
the second in the fifth thoracic segments which bear elongated legs, and 
suddenly narrowed in the three posterior which bear lamellar swimming 
feet: abdomen unsegmonted. Deep-water forms generally in high (N. 
and S.) latitudes. De»mo$otna Sars; Munnop»i4 M. Sars; llyarachna 
Sars; Eurycope Sars ; Acanthoc^pe Beddard. 

Tribe 3. PHREATOICIDEA. 

Fam. 1. Phreatolcldae. Contaiiia the two spp. of PArea/oiciw described 
by Cliilton,* P. typicus from a well in N. Zealand, and P. australis from 
6,700 ft. on Mt. Kosciusko in the Australian Al{»8, and from Mt. Wellington 
in Tasmania. In the laterally compressed body, the disposition of tho 
thoracic legs in two sets, the anterior curved backwards and the posterior 
bjrword, and other features, they present a ron)arkable resemblance to 
Amphipods. In the characters of mouth parts and plcopods they are 
however distmctly isopodan. 

Tribe 4. VALVIFERA. 

Elongated Inopods with [lalpless mandibles and abdominal terga fused 
to a caudal plate. Tho five anterior uUlominal appendages ore respira- 
torj', covered by tho valviilar uropods, which are lateral. 

Fam. 1. Arcturldao. 2nd anteimao very long, the 2nd-5th thoracic 
legs setose, with minute terminal claws. Arcturus Latr. Tho 5th thoracic 
segment not much larger than tho others. AstaciUa Cordiner {Lcacia 
Johtwt.) 6th thoracic segment much elongated. 

Fom, 2. Idoteldae. 2nd antennae not ven.' long, strong claws on 
the anterior thoracic legs. Choftilia Dana ; Edotia Guer. ; Erichsonia 
Dana ; Arcturides Studer : CUantis Dana ; IdoUa Fabr. ; Gli/plonolus 
Eights; O. antarcticus Eights, attains a length of 3J inches and a 
breadth of 1 J inches. 

Tribe 6. FLABELLIFERA. 

UrofiiMls lateral, forming with tho telson a terminal fin. Tho other 
al .!i ; iii)(d limbs generally natatory. 

x-.im, 1. Anthurldao. Body linear, cylindrical, with short nearly 
oxpiid antennae, and in some cast's with piercing mouth-parts. One pair 
of luaxilUo absent. The anterior five pairs of abdominal foot respiratory, 
CO vert'd by a horny operculum—the 6XO[)odites of first pair; sixth pair 
enclosing tho terminal abUnminal aegnient between them. Anthura 
Leacli, with paired otocyets in tho telson; Cyathxira, Antheiura and 
Hyo4iur<i Norm, and Stebbina : Eisothi.^tos Hadwell, E. venniformis Has well, 
in tho tubes of tho St'rpuhd Vermilia. Haliopho^ma Hoswell ; Piilan^ 
ihura Hargor; PararUhura Sp, Bate; Calothuro Norm, and Stobbing; 
Cruregefis Chilton. 

Fom. 2. SpbaeroHildas* Body ovol, highly arched, rolling more or 


• C. Chilton, Records of the Awiralian Museum, vol. i. (1801), p. 149. 
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loss compicloly into n ball. A posterior backward pointing dorsal spino 
is frequently present. Limnoria Leach, L. lignorum White, known at 
Plymouth os “the Gribble,” gnaws out burrows in submerged wood¬ 
work ; Sphaeroma Latr. ; Cymodoce Leach ; Ccrc^ts M. Edw. ; Atnphoroi- 
dea M. Edw. ; Ccu$idina M. Edw. ; Naeea Leach ; Campecopca Leach ; 
Ancinus M. Edw. 

Fam. 3. SeroIIdaa. Very broad and depressed Isopods, with the 
head sunk in tho thorax. Tlio second (and in the male the third) thoracic 
leg ends in a clasping foot, succeeding legs long and slender. Tlie three 
posterior abdominal segments fused, tlirco anterior abdominal appendages 
aro setose swimming feet, the 4th and 5th respiratory, and the 0th narrow. 
Serolis Leach. 

Fam. 4. Aegidae. Body oval or elongated, not rolling into a ball ; eyes 
usually largo, first antenna© usually conspicuo»ialy shorter than the 2nd. 
Both arise from tho front margin of tho head. The 2nd-4th thoracic legs 
short and directed forwards, tho three posterior pairs do not end in hooks. 
Abdominal segments distinct. The 6th abdominal logs forming a fan- 
sha{)od swimming tail with tho shield-shaped terminal segment of tho body. 

Sub-fam. 1. Cirolanlna. With biting mouth parts. Conilera, 
Eurydice and Cirolana Leach ; Tachaea Schiodte ; CoraUana Dana ; 
Daryhrote« Schiodte. Intermediate genua Balhynomus A. M. Edw. 
D. tji'janUUB A. M. Edw. 9 in. long, at 055 fthms. between Cuba 
and Florida, also in Indian Ocean. Bespiration carried on by mcaiLs 
of branching processes of tho ondojx>dite8of tho abdominal appendages. 
Eyes very large, directed vontrally. 

Sub-fam. 2. Aegina. With sucking mouth parts. Aega Leach. 
A. 0 j)ongiophila Semper, inhabits tho siliceous B|>ongo Eupltctella, in 
com])any with a species of Palacmon ; Eocinela Loach ; Alitropus 
M. Edw. 

Sub-fam. 3. Cymotholoa. Shape of body os in other sub-families 
but antennoo approximately equal, arising beneath front margin of 
hood ; mouth parts adapted for sucking ; thoracic logs short and 
boar hooked claws; 6 anterior abdominal segments closely com¬ 
pressed and may bo fused, 6th is largo, shiold-liko, with brood 
swimming appendages. Porasitic on bodies of fish. Atgathoa Dana; 
Olencira Leach ; Ichthyoxenus Herk ; OurozeukUs M. Edw. ; 
Harponyx Sara; Lobethorax Bloekor; QloBsobiua Sch. and M. 

. t?./ineorw Dana, infests tho mouths of Flying Fish. L»von«c<i Loach ; 

i^enocifa Miora; CemtotAoo Dona ; Ncrocila Leach; Anilocra Leach. 
A. gigunUa attains 3^ in. longtli ; Cymothoa Fab. (Fig. 208). Last 
three genera hermaphrodite, protandrous. 

Trilxi 0. EPICARIDEA. 

Parasitic on other Crustacea. Females (or hermaphrodite individuals 
in tho female phase, set below) degraded in structure and often unsym- 
metrical, moles small and syminotrical. Abdominal limbs, if present, 

* branchial and not covered by on operculum. Uropods terminal. 

Farn. 1. Hlcronlscldas. On Cojiopods. Microni»cus Fr. MUll. on 
CaUxnua finmarchicua, etc. 

Pam. 2. Cyproniscldae. On Ostracods. Cyproniacua Kossm. O. cypri- 
dinae (8ara) lives between tho valves of tho shell of Cypridina, Female 
reduced at lost te a sack of eggs. Male, attached to female, also 
without appendages in adult state. 
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Fam. 3. Dajidw. On Schizopoda. Adult fomale with only 5 pairs of 
thoracic Legs, body curved round the eggs. Male completely or ‘mpe*"- 
feotly segmented in adult state. Dajus Kroy. on Myns and SincUa. 
Aspidophryxus Sara ; NotophryruM Sars ; HtUrophryxus Sara. 

Fam. 4. Cablropsldae. On free or parasitic Isoiwds. Female, in adult 
state, reduced to an incubatory pouch folded round the biW. Em- 
bryo with peculiar veotral abdominal ehield. Clypoenisctis G. and B.; 
Munmniscus G. and B.; Serokmiscu^ G. and B.; Cabiropa Kossm. on 

BopyruSa 



PjiI AdnU frmal^ oC an Rntonl«^ld (ri-trf<nuV»n ((mm Tcitlwk, 

afliT Olanl nn<\ iVmr»lor). .1 uilh thr d in tW \t ntral 

Uni‘ Rnd tip* hnMKl Unu lV^o M'panUotl, side of th<' abdomoD H M*eH. iJ wUn Ui© 

t.r>od a%^U^ iutin t.and tlit'abd^iMirn iH'mfnMiil ll•dur^Hl stbto. Ir llic anU rb^f, middle and 
p<^st'*rior of tbe flr*«t brood laim Ha ir( tie* rkdit i*lvte; /' the wiirn't'f !Im' loti ^Idc , ly 
i\nd (recoad hnniU bm*dla<', n^htand b':t ; /(/ anil ( third hr.< kJ UinrlUe, rlihtaiid lelt. 
/ ^' b*>arth brood lamf'llao; t'rand ( flUli hioo | l unrlut^ ri^dit imd bdt ; nhdiimcci - j»r 
H?t''»ud. oi Arst antcuna ; ceph.dojtastA'r (d'*r>ul surfiitv r ( he'd c^MitaUiUiK pato ci dl'erti- 
enU td Die allnuMit-^ry (‘aDal); cud«»|N.HllU' <•( third al» lorninaJ ap|ioniU^r; rxj ©xopivfite 
cd t)ie **TOOd ftbd^Hiiloal npjH.'Qdairc ; h tardbd pn>niliieDCe; m/ maxlUij cd ; tr ovary; 
pb anil Umclia u( Ar»t abdoniLaal aeftment; th th *ras. 


Fam. 5. Podasconldae. Oa Ampliipoda of the sub fainilioB Ampclu- 
riiiu and Lv'^iana^ina. Adult fomnlo roflufcd to aa incubatory pouch* 
whioh clojiod vcntrally by the fuiKM.1 oostepites of tho 5th tl^oracic legs. 
Main unknown. Podascon 0. and D. on Haploops. 

tarn. I). Cryptonlsoldao. Hortnefdiroditc and protandroiia para^itos on 
the Kliizoc*ephala or otlicr Cirrij>cdes. Adult eyininctrical; all or most of 
tlio apptuKlagcj? have* disappeared. Cryptonijfcus Fr. Mull. (Fig. 30*i), 
Danalia Oiard (Fig, 301), LiViop^w M. Scb. (= Ii>*o/>r Rat like). Eumtior 
Koeern. paras, on spp. of and Sac<uUna and tJieir allies. 

Crypiothir Deina Hcmkmwcu^ Buebholz) on non-parasitic Cirripedes. 
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O. balani (Bate) in the mouth space of Balanus balanoide^; Lepont^cus 
Giard» L. poUicipedis. 

Fam. 7. EntonUcIdae. The females (Fig. 303) when fully are 

markedly deformed, the abdomen being bent dorsally, 2-3 cm. m 
and enclosed within the bodies of Brachyura and Anomura, whi^ they 
enter as larvae from the branchial cavity, the hypodermi^f the host 
being invaginated and forming an envelope for the parasite. The aperti^ 
of invagination remeuns open aa a respiratory paasage. Br 
large, lobed; thoracic feet vestigial; abdominal foot branchi^- 1 wo 
kinds of males with ripe testes, both very minute, are found about the 
female : one active 3 mm. long with well developed append^ages ; the 
other 1 mm. long somewhat degenerate and torpid. From the pre^nce 
of vesicles containing spermatozoa on the last thoracic so^ent of the 
young female, and of the remains of testes (?). it is euppos^, as m the 
case of the last family, that the animals are hermaplirodite and pro- 
tandroua, being at first male, and subsequently acquiring the feinale 
form. The males of the second kind have, it is supi»sed, failed to effect 
this transformation and remain permanently male. Eri^nuc^ fr. Mui . 
on PorceUana; ErUione Kossm. on Achac^uf. Orapston ^ 

Pachygrapfius ; Cancrion O. and B. and Portunion G. and B., sp^ on 
various Brachyura. P. maenadis abundant on Carctnua maenas Penn. 


("on 1 in 100 ”). , . 

Fam. 8. Bopyrldae. Parasitic in the branchial cavity or elsewhere 

about the body of Decapod Crustacea. Sexual dimorphism vei^ marked. 

Female large, flattened, usually unsymmetriool, blind and with vMtigiol 

ontennoe, mandibles styliform and other mouth parte much reduced. 

Thoracic foot (G-7) short and hooked. olKlominal may be absent, or {lone 

ond its allies) long, branched and filiform. The dwarf males are syni- 

motrical, long in proportion to their breadth (Fig. 299) un re am leir 

eyes. PAryrus Rothko ; d/Acfffuc Hesso (= AtheUjus and AUie^ea^ on 

Pogurids; PUurocrypta ileaso, on PorceUana and aolalhca. Palaajyje 

a. and B. on Caridea, PeewHone Kossm. and G>j'je Cornalia and Innceri 

on the Anomura (Fig. 209): Kr}>on{=Cepon) Duvernoy on a crab; Lwlya 

Cornalia and Pimcxsri, on Gcla^imita ; Grapaicc/nju G. and B. : Cancncepvn 

G. and B. and Enjyne Risso (= Porlunicepon Kossm.) on Brachyura; 

Oigantione Kossm. : lone l.at. on Tlialassinhlea ; Aryeia Dana. IJopyrtu} 

Lat. (Fig.300),Pro6o/>./rusO. and B.. Bopyrim, Ko«.sm.. liopyroxde^ 

and H«mtart/ir«sG. and 13. on Caridea. PhyUoduraa Slunpson on Ci>oycbta. 


Section 2. Isopoda anomala.* 

The second thoracic segment (tlio first free .segment in other 
Isopods) fused with the head, the eighth rediietjd and wittiout 
appendages. There are only five ambulatory limbs. 

Fam. Gnathlldae. Aberrant Isopwls which undergo a remarkable 
motamorphoBU. Tho young, apparently until tho la»t moult, though 

• DohI^Ta^ Unters. (ib Buu und Entwick. dor Arthropoda, 4 Entwick. 
und Organ, von Praniza {Anceua) inaxiUaria, Zetta. /. unaa. Zool. vol. 20 
, (1870), p. /53. See also Hesse. M6m sur les Prunizu ot les Anc^, Ann. dea 

He. Nat. S6r. 4, 0 und S6r. 6, 19. Sp. Bate and Westwood, /int. SeaaxU- 
Eytd Crustacea, ond G. O. Bars, Crimtacou of Norway, Isopoda, p. 60. 

The Onathiido© ore included by Bars in the Tribe Flobellifero. 
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freely locomotive, live on the juices of other onimHla, the mouth ports 
being suctorial. The eyes are larger thon in the adult and the mouth ports 
are all present and styliform and the upper lip forma a half-tube. The second 
thoracic legs, modified into a second pair of moxillipeds, lie parallel with 
the mouth ports and are strongly hooked. From such larvae the two 
sexes emerge, after the last moult, in very different forms. In the male 
{Ancfu^ Risso, but OruUhia Leach has the priority) the head is very largo 
and bears powerful prehensile roandiblos, like those of a beetle, on its 
tnmeated front margin.* The maxillae have disappeared and tho mouth 
is a small orifice in the middle of tho concave under side of tho head. The 
maxillipeds ore broad, applied together as usual, and bear a setose 4-lobod 
j»alp. The second thoracic feet are wide and volNTilar end tho segment 
to which they belong is small and closely united with the head, the 3rd 
and 4th segments distinct, the 6th-7th wide and more or leas completely 
fused together. The 8th has disappeared. 

In the female (which has been described as a distinct genus under the 
name Praniza Latr.) the head is much smaller though the eyes are 
larger than in the male. The mandibles are absent, and the middle of 
the body (4th-6th thoracic segments) is distended into a thin-wallod 
sack. The brood pouch is formed between the hypodermis of tho under 
part of the body and the cuticle which latter eventually splits segmentally 
allowing the larvae to escape. Tlie mode of fertilization of tho 6gg8, and 
of their entry into the brood pouch, have not been followed. 

It appears that in the adult state food is brought to the mouth in 
currents, caused by the rhythmic movements of tho maxillipeds. 

Tho genus Onathia Leach is marine, and most aj>ecie9 ore littoral. 
O. maxillari* Mont, in calcareous 8|K)nge8 ; British. Q. Halidayi young 
parasitic on fish, adults live independently in tubes (Delago). Eunfognnthia 
Stebbing was obtained by tho ChaUc}\gtr from a depth of 900 fthma. 
in the N. Atlantic. 


Order 6. AMTHrpoDA.f 

Malacostraca u'ithout a dorsal shield, tdth laisrally compressed 
hotly ami gills on the thoracic feet and {except in the Lacmodipoda) 

• Dohm finds that these appendages are developed indepeivlently of 
tlio mandibles of tlie larva, and hence refuses to recognize them as 

t C. Spence Bate, of Amphipodoun Cruaiacea i/» the Bntuh 

Stuaeum, London, lsr»2. E. van Beneden et Em. Bessels, Mtm. «• la 
fonn. liu lilaatf'ilerme chez lea Amphipodea, etc., Bruxelles. 1808. C, 
flans, Der Organisnnis der Plironiiniden, .Irfe. Zool. Inat. H jVh, T. 2, 
IHTO. Deluge, V. (.•t>ntrib. a I’tHude de Tupparoil cireutaloiru di'S Cnia- 
tact^s odriuphliiulmes mariiis, -IrcA. dc Zool. exp., ix, 1881. O. Nel^eski, 
Reitriige zur Keniitriias der Atnphipoden der Ailria. Arb. Zool. Jtial. 
U’h'H. T. 3, 18KI. Paul Mayer, Fuuna iind Flora dea Oolfea eon 
S'uipcl, nionog. VI. Caprellidtn, Leipzig, 1882. Xachtrag. monog. 
Will.. 1890. Id.. Die Caprelliflae der Siboga-Expodition. Leiden, 1902. 
i \ CliiTi.s. Die Plalyacclidni, Wien, 1887. T. K. R. Stebbinc, Chxillcvgtr 
.Xinphip^nUi, 1888. O. O. Sara. Hiat. Xat. d. (^ruatacia il'cau donee de 
S’orvifje. Chriatiania, 1807, and -4n areotoit of the Cnialacea of Norway, 
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ivilh an elonjated abdomen, the three antenor segmerUa of which hear 
swimming feei, while the three posterior hear posteriorly directed 
feet adapted for springing (Fig. 304). The heart lies in the thorax, 
and the eyes are not facetted. 

The Amphipoda are small animals, attaining only in rare cases 
a length of several inches. Tliey move in the water principally 
by springing and by swmining. The “head ** always includes 
the first thoracic segment, and, in the Laemodipoda, the second 
as well. It is some¬ 
times small (Gam- 
marina, Fig. 304), 
sometimes largo and 
much swollen (Hy- 
perina, Fig. 307), and 
is generally sharply 
distinct from the suc¬ 
ceeding region. 

Tlio two pairs of 

. ,, Pig. ZOi.^^ammarui (afUsrQ. O.SJam), 

anUinnnC usually con- wltu Uroful UmclUc (wJJch aro hidden by 

. ^ . I ^ X tho coxojiotlltcs) on tho thorax. A\ A " the two antennao ; 

Hist of a short stroili; to tho seven jmlw o| tljof.icic ap[K-iula«t'd ; Kf 

, • • mAiUUiwd: Sr tho first swhumlug f(»ot of tho abdomen 

Kuaft a 11 (1 a 1 o n g 

multiarticulate nagellum, which however may bo more or 
less rudimentary. Tlie anterior antennae which are always 
longer and arc frequently beset \\ith olfactory hairs in the 
male, often bear a slmrt accessory flagellum, a character not 
present in tho Isopoda. In tlie Hyperina tliey are very short 
in the female, though of considerable length in the male (Fig. 
307). Tho posterior antennae arc always simple, and ore fre¬ 
quently longer than the anterior ; in the male of tho Hyperina 
Anomala tliey arc folded in a zig-zag fashion, and in tho Coro- 
phiidoe are strong and pi^diforra. In tho female of Phroniina 
they arc represented only by the basal joint (Fig. 307 a). 

Tho mandibles are powerful biting plates with a sharp, usually 
tootln*d edge, a blunt masticating process, and, usually, a throe- 
jointed palp. The hi-lobod anterior maxillae also have as a rule 
a short two-jointed palp (Fig. 305), while the maxillae of tho 
K(;cond pair are reduced to two lamellae springing from a basal 

lid. I, Airipiiipoda. Clinsliunia, Ifi00-9r». Della Valle, aamtnarini dfl 
(iolfo di Napoti, /Viunci and Flora (Jotf, Ntapcl^ 20. 

T. K. It. Ampliipoda^ 1. GurnrnariU^» DaB Thurre ch^ Bi^rlin^ 

1000. Ooinparo qIik> Uovalliutf uiid othern. 
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joint. The numaipeda ♦ (first thoracic appendages) are in many 
cases seven-jointed (as are the succeeding appendages), but their 
basal segments are fused in the middle line, forming anunder- 



Fio. 305.—Af*' first nuudlla; m»" second mnxlUn; if*/ mnxilUped of Qcmmarru (from 
Clnua); £n endopo^te; t baul oodite. 


lip, comparable with the labium of insects. The two succeeding 
segments of the maxillipeds bear lobes on their inner margins 
which project forward on the median side of the 4-jointed ter- 
^ ^ minal part of the appendage which forms the 

palp. They are without an epipodial plate. 
In the Hyperina the maxillipeds are repre- 
ii ( A"!J)\ seated by a median plate (Fig. 306), bearing 
// \^l \ a pair of small setose lobes in front. 

/ ) / \ In the Laemodipoda the segment which in 

u 'ft other Am phipods is the first free thoracic seg- 

f I ment is fused mth. the hc4Ml to form a cephalo- 

thorax. 

Fifl. S<W.—HypeHa ^ ^ 

tn. The mAxQiipeds The IcQS of the Seven free ihoractc segmerus 
^ * are disposed in two groups, the four anterior 

having the terminal segments directed backwards and the three 
posterior having those segments directed forwards. 

The basal segments (coxopodites) of the thoracic legs are in 

• Tho foDowing nomonclAtviro is adopted by Stobbing, in his monograph 
on the Oammaridae (the (Sommorina of this work) in I>a8 Twrreich. 
Thoracic appendage 1 — maxilliped 

appondciges 2 and 3 — gnathopods 1 and 2 
4 to 8 — peraeopods 1 to 5 

Abdotnina! „ 1 to 3 — pleopodB 1 to 3 

„ „ 4 to 6 ^ ujropoda 1 to 3 


Fir). ZM.^nyperia (mJ* 
fro. The mAxUllp^ 
UlUr GtrsUecker). 
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the Gammariiia and some Hyperina often expanded into wide 
lamellae* (Fig. 304) which may be suturally or movably united 
with the thorax. In some genera they are much reduced and in 
Phronima and its allies they do not exist as separate segments. 
The ends of some of the anterior limbs are frequently modibed 
for prehension. In a few cases (H 5 rperina) a true chela is pro¬ 
duced, the terminal or two terminal segments being opposable 
to a projecting process on the preceding segment (Figs. 307) ; 
but more usually the limb ends in a clasping “ hand’’* in which 
the terminal segment folds back, like the blade of a pocket 
knife, on it spredeccssor. In cither case the structure is often 
larger in the male. In the Caprcllidae (Pig. 308) the number of 
legs is often reduced. 

It is probable (as already stated, p. 439) that both the braii- 
cliiac and oostogites are to be regarded as epipodial appendages 
of the thoracic limbs, and homologous with the two cpipodia 
of tl»e legs of Armspides. 

The branchiae arc usually simple lobes attached near the bases 
of six or fewer of the posterior thoracic legs, and project on the 
inner sides of the limbs. They may be attached to the coxopodite 
of the limb or to the adjoining ventral surface of the segment 
of the body. On the view of their epipodial nature we should 
expect to find them attached to the outer surface of the limb, 
and in some forms at any rate {Qammarus) the branchial pedicle 
springs from the outer side of the posterior margin of the leg, 
although the plate curls round and lies internal to it. In some 
Lysianassina the structure of the branchiae is complicated by 
the development of secondary folds on one or both faces. In the 
Caprellidao, though some segments of the thorax are without 
limbs, the branchiae are nevertheless present on them. 

The oostegites usually spring from the coxopodites, nearer the 
base than the branchiae, or from the adjoining surface of the 
thoracic segment, and curving inwards overlap one another 
across the middle line, forming the floor of the brood pouch. 
They are borne by from two to four pairs of legs, namely those 
belonging to the 4th and 5th, or to the 3rd to the 6th thoracic 

• Thoeo coxopodites are often termed “ opimorites " in works on 
ojnphipod anotoiny, but os this word is used by soino authors for tho 
region of body between tho baso of an uppoiidugo and the plouron, 
atyl by otliers for tho pleuron iUolf, it is clearly inconvenient to apply 
it to a part of the appendage. 
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segments. Like the branchiae, they may, in the Laemodipoda, be 
present on a segment wliich bears no other trace of an appendage. 

Of the six abd^yjninal segments of the Aniphipoda Genuina 
the three anterior are large and bear the swimming feet, whicli 
consist of two multi-articulate and setose rami borne on a stout 
basal segment; tlie three posterior appendages are directed 
backward, and in the Gammarina form, w'ith the terminal ab¬ 
dominal segments, the powerful organ with which, by the sudden 
extension of the abdomen, the characteristic leaps of these 
“sand-hoppers” are effected. The telson may be simple or 
{Gammarus) completely cleft. 

In the Laemodipoda the abdomen is reduced to a short stump, 
with vestigial appendages (Fig. 308). 

The central nervous system is present in the most simple 
condition in the Gammaridae in which the sub-oesophageal 
ganglion is succeeded by seven thoracic (one to each segment) 
and four abdominal ganglia, the three posterior segments being 
supplied by a single ganglion. In other groups tlie number of 
ganglia is reduced. 

The eyes are compound, but do not project beyond the contour 
of the head.* The external cuticle forms a simple transparent 
covering and is not, as in Isopods, divided into lenticular corneal 
facets over the cones. In the Hyperina, which are pelagic, the 
eyes are very large, occupying the greater part of the surface of 
the liead, and in one division of that group, the Phronimidac 
(Fig. 307) they are differentiated into dorsally directed and later¬ 
ally directed parts. The retinal pigment is present, but that of 
the iris pigment cells is not developed in the Hyperina (Chun). 

Otosacs have been described, by Claus, in the head of the 
pelagic Oxyccphalus, in which they contain otoliths and lie in 
connexion with the dorsal surface of the brain, near the bases 
of the anterior antennae though not in them. 

The olfactory hairs on the anterior antennae are referred to 
above. Small club-shaped structures borne by the posterior 
antennae, are known as calceoU and probably subserve some 
sensory function. 

In the alimentazy canal, the oesophagus leads into a proven- 

• The sessile condition of the eyes in Amphipods and Isopodaled to their 
classification in a group, the Edriophthahnata (--Arthrustruca), in oppo¬ 
sition to the Put' 'phth^mata, or stalk-eyed Crustacea. 



1 


AMPHIPODA. 


497 


a 


triculua with a cuticular lining thickened into two paired seta of 
chitinous plates, and provided with lateral setose folds forming 
a straining apparatus. The mid-gut which succeeds, possesses 
a glandular dorsal diverticulum, and receives ventrally the 
paired orifices of the two or four “ liver ” tubes (much reduced 
in the Phronimidae). A pair of tubular glands, endodermal in 
origin, open at 
the posterior 
end of the 
mid-gut, in 
the G a m - 
marina. Their 
supposed e x - 
cretory nature 
is very doubt¬ 
ful, as they 
may be much 
reduced in size 
in that group 
and are not 
found in the 
other divisions 
of Amphipods. 

On the other 
hand the an- 
tennary gland, 
the equivalent 
of the green 
gland of De¬ 
capods is prc- 

BCnt, its coiled — Phronima leJtninrIa. a female; ^ male ; A', A" first arid 

« Bvcuntl AuitftinM; tfito<tlDc; I>r ulaudA in the cIicIa of the fifUi 

QUet Oponine leg ; (/geolUl ormce ; U husrt aod af>rta ; A' branchiae ; Kt mandible ; 
. ., ^ ^ N oorvoua •yat«m ; O eye (upper portion); Or ovary (after ClauB). 

at tho base of 
the second antenna. 

In the Corophiidae groups of unicellular glands are present 
in the third and fourth thoracic appendages, on the terminal 
claws of which they open. Their secretion is used in con¬ 
structing the tubular dwellings of this family. 

The heart lies in tho thorax in a pericardial sinus, with which 
It communicates by three (or fewer) pairs of lateral ostia ; and 

Z —III K jf 
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gives off arteries directed anteriorly and posteriorly. Tlie 
hrandiiae are elongated and flattened sacs in relation with the 
bases of the thoracic limbs, as above described. The blood 
from them returns direct to the pericardial sinus where it mixes 
with venous blood from other parts of the body. In the species 
of Orchtsiia and Talitrus which live in moist situations on 
land, the branchiae are spirally twisted. In the Cyamidae 
they are long and tubular. 

The generative organs are tubular and much alike in the 
two sexes, but the ducts of the male open, as usual, on the 
eighth, those of the female on the sixth thoracic segment. The 
former are situated on papillae, and abdominal feet are not 
modified, as in some Isopods, as copulatory organs. Nebeski has 
described a remarkable condition of the generative gland in 
the male Orchestic, The posterior ^art produces spermatozoa, 
but the anterior part consists of 'primitive ova, which however 
do not become functional. 

The moles are distinguished from the females not only by 
the absence of uostegites, but by the stronger development of 
the prehensile t’'oracic feet, and by the sliope and sensory 
structures of the antennae. 

Tlio spermatozoa aro filiform. 

The eggs undergo their development in a brood pouch beneath 
the thorax of the female, being covered by the lamellar 
oostegites (2-4 pairs). 

Tlie yolk sometimes {Gammarus locusia and other marine 
species) undergoes a complete segmentation. Sometimes (<?. 
pulex), after a superficial segmentation, a i)eripheral cell layer 
is formed, which secretes a delicate larval membrane beneath 
the egg membrane. A ventral primitive streak is then formed, 
and on the dorsal side a peculiar globular organ arises by in¬ 
vagination, with an orifice wliich has been erroneously taken 
for a inicropylc. Tliis is the first rudiment of a structure, 
known as the cervical gland {dorsal organ), wluch is confined to 
embryonic life. It is regarded by Grobben as homologous with 
the cervical gland of Branchiopods. The appendages are deve¬ 
loped from before backwards, and the body of the embryo is 
vcntrally flexed, the reverse of the position in Isopods. The 
young animals usually possess all their appendages at hatching, 
and in all essential external points have the structure of the 
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adult animal, though the number of segments of the antennae 
and the special form of the legs still present differences. In the 
Hyperina tlic just hatched young be without abdominal 

feet aitd differ so much in their form from the adult that 
they may bo said to undergo a metamorphosis. 

The Amphipoda are inhabitants of all seas from tlie arctic 
and antarctic zones, in the former of Mliich they are particu¬ 
larly abundant, to the equator. The Hyperina are pelagic, and 
lead a predatory existence among the pelagic fauna (cf. p. 502). 
Several species, borne about in ocean currents, have a very wide 

distribution. 

The Gammarina arc to a large extent littoral, but tliey also 
inhabit streams, and inland lakes. IIG species have been found 
in Lake Baikal, and they arc represented in the lakes of Colorado, 
Swil'/erland and Scandinavia. Some species which live in the 
Arctic Ocean arc also found in the fresh-water lakes of Norway 
and Sweden. Niv^mnjuJi, and species of the allied Cranoonyx, 
anmvmrus and Callurpius, all wholly or partially blind, inhabit 
wells and subterranean fre.sh-watcr channels in different parts of 
the world. The Orchestiidae in gi nt^ral haunt the shore, peoiding 
the lines of seaweed tlmown up on beaches, and some occur in 
damp places on land. 

Tlic Caprcllina arc also littoral but occur also in the open ocean 
on floating seaweed. The Cyamina are parasitic on the skins 

of Cetacea. 

The Corophiidac live in tubular galleries which they construct 
from surrounding materials, and Chelura in holes which it gnaws 
in wood, thereby damaging the submerged timbers of docks, etc. 

The large size of the deep-sea forms is remarkable, Lysianassa 
nuKjeJlanica attains 8 cm., a lengtlk which however is surpassed 
by the much attenuaU'd Hyperid Cyatosoma Nepluni (8'4 cm.) 
and the Oxycephalid/f/toiffotformi artnalurn w hich reaches 12 cm. 
(nearly 6 inches). 

Sub-order 1. AMPHIPODA GENUINA * 
Amphipoda wilft seven distinct thoracic segments. The 

* Tho hero a<lo|>te<l is bosod on that given by Goretoeckor 

in Bronn*s Klwteen u, Ordnutiyen der Arihrojxxien. For tlie classification 
of the Gariiiiiarina (Gaiiunaridoa) the reader should consult tho description^ 
which lias recently appeared, by T* R. R. Btcbbing in £)as Ti^rreich, For 
the Caprollina (L#aemodipoda) the works of P. Mayer should bo coosultod. 



abdomen well developed, usually with seven segments, and with 
the three anterior feet differing in shape from the three posterior. 
Branchiae lamellar. 


Division 1. GAMMARINA 

Head and eyes small; antennae alike or nearly so in the two sexes: 
maxillipeds w^th raultiarticulate pediform palps. Tho two anterior 
pairs of legs (I ei >nging to tho 2ad and 3rd thoracic segments) frequently 
end in prehensile claws, and in many cases the proximal segment in the 
four anterior, the two proximal segments in the three posterior pairs are 
widened to lamellae. 

Tribe 1. COROPHnNA. 

Body not compressed, half cylindrical; mandibular palp present, the 
basal joints of the thoracic legs short, smtennae strongly developed. 

Fam. 1. Chelurldas. Anterior antennae with an accessory flagellum, 
posterior with a setose Iskncet-shaped plate in place of a flagellum. The 
seven posterior thoracic segments oil freo, and approximately equal. The 
4th—6th abdominal segments fused. The 3 last abdominal feet large and of 
pecuhar shape. CAe/uro Phil. Bores in submerged timber, destroying dock* 
works. Europe emd America. 

Fam. 2. Duliohldae. Both antennae with strong, elongated shafts and 
short flagella. The seventh and eighth thoracic segments fused, and tho 
6th-8th thoracic legs very long, the two anterior pairs with a prehensile 
blade; 4th and 6th abdominal segments fused, and one of tho terminal 
pairs of abdominal legs absent. t>ulichia Kroyer; XioetmatophUna 
Bruz. ; Xenodoce Boeck. all N. Sea; Cyrtophium Dana, Atlantic, etc. 

Fam. 3. Corophlidae. Both antennoo with elongated setose shafts. 
The segments of the thorax and abdomen all distinct. 4th and 6th 
thoracic logs with unicellular glands. The 3 terminal abdominal legs 
and sometimes the terminal body segment furnished with spines or hooks, 
by which tho animals maintain their position in tho tubular cases or 
passages which they construct. Corophium Latr. 2nd antennae very 
long; SipkonoeceU^ Kroy. ; Cerapus Say; Dercothoe Dana; Unciola 
Say; Hela Boeck ; Podocents Leach; Oammaropsia Lilljeb. ; Aora 
Krby. ; Xenocheira Hasw. ; Stimpaonia Sp. Bate ; Dryope, Sp. Bate ; 
Cratippua Sp. Bate; Podoceropaia Boeck; Ampkithoe Leach; Synam- 
phithoc White; Protomedda ICroy. ; Microprotopua ^orm. ; Ooaaea 
Sp. Bate ; Ootata Boeck ; Xenoclea Boeck ; Haplocheira Hasw. ; Amphi- 
thoidea Kossm. 

Fam. 4. IcUldae. Body broad and depressed. Head broad in front, 
with projecting eyes. Iciliua Deuia ; Icridium Grube ; Phliaa Gu4r. 

Tribe 2. GAHHARINA OENUINA, 

Body much arched, laterally compressed, though with rounded tboracio 
terga. Basal joints of tho second to the fifth thoracic legs generally 
large, sometimes very large. Antennae sinalL 

Fam. 6 Gammarldae. With the characters of the Tribe. (The 
branchiae cwo not spirally twisted in Subfamilies 1-5). 

Sub*fam. 1. Lyslanassina. Hoad small, depressed, truncated in 
front, or indented by the base of the anterior antenna. The shaft 
of this appondage is thickened and its two terminal segments very 
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short. It bears ui accessory 6sge))um. Flagellum of posterior 
antennae of the male someiimoe whip*liko. Basal segments of the 
2nd-^th thoracio lirabe shield-shaped and imbricated, the second 
and third are feebly prehensile. Dwellers in mud. 

(o) Cutting edge of mandible almost simple. iysKWUisso M. Edw. ; 
Btiriftene$ lalljeb.; Anonj/x Kroy.; Opts Kroy. ; CaUisoma Costa ; 
Aeidotioma Lilljeb.; Cyphocaris Boeck ; Egidia Costa ; Olycertj Hasw. 

(6) Cutting edge of the mandible toothed SUgoctphalue Kroy. ; 
PorUoportia Kroy. ; Bathyporeia Lindstr. ; AmaryllU and Cyproidea 
Hasw. 

8ub-fam. 2. PhoxilUU Head depressed produced into a rostrum 
and overlapping the bases of the anterior antennae. Terminal eeg- 
ments of the shaft of anterior antennae not short. Basal segments 
of the 2nd to 6th thoracic legs largo. Dwellers in mud 

(o) Anterior antennae with accessory Bagellum. I/epidattylis Say ; 
Phcxtu Kroy. ; Urothoi Dana; LiUjeborgia Sp.Bate; Phaedra Sp. 
Bate ; Tiron Lilljeb. ; Bruzelia Boeck. 

(6) Anterior antennae without an accessory flagellum. West- 
woodiUa Sp. Bate; Monocxdodex Stimpe. ; Kroyera Sp. Bate ; 
Amphilochue Sp. Bate; Giiana Boeck; Atiyra Boeck; Oraya 
Sp. Bate; Laphyetius Kroyer; Oedicents Kroy. ; Oedteeropeve 
Lilljeb.; Balicreum Boock ; Pleustee Sp. Bate ; Iphimedia Rathko ; 
Odiue Lilljeb. ; Aeanthonotue Owen ; and (?) Bpimeria Costa. 

Sub.-fam. 3. Proftomatlna. Head produced into a prominent 
rounded rostrum. Anterior antenna short, with an accessory flagel¬ 
lum. Eyes very large, the mouth parts are styliform and togetlier 
form a conical projecting mass. Basal segments of thoracic legs 
largo. The 2nd pair terminate in a peculiarly shaped and powerful 
chela. Only one species, Triechizoetoma Rasehi Boeck, is known. It 
has been taken on the body of a dog-fish (Spinax niyer) and is 
probably parasitic. Male unknown. North Sea. 

Sub-faun. 4. AmpsUfCloa. Head elongated, depressed. Eyes 
much reduced. Antennae with long flagella, but the accessory 
flagellum is not present in the first. Bssal joints of thoracio legs 
large, setose at the abdominal segments not 

distinct. Ampelieca Krby.; Haploape Lilljeb. ; Bybfis Boeck. 

Sub.-fam. 6. Gammarlna. Head high, truncated anteriorly. 
Eyes compound. Antennae slender, the first often with an aooeasory 
flagellum. Mandibular palp nearly always present. Abdominal 
segments distinct. The sixth pair of abdominal legs either with a 
atngla or a doublo terminal lamilla. Photie, Kr5y. ; Leucothoe 
Leach; BUnothde Dana; Aepidaphoreia Hasw. ; Peitoooxa Catta ; 
X>atyaia Bp. Bate; (?) CaUimerue Stebbing; Pher%t»at OaUiope, and 
Atylue Leach ; HtUeria Norm. ; Dexamine Leach, mandibloe without 
palps: BaUa Fr. MUIL ; BraruUia Sp. Bate; Pardalieea Kroy. ; 
Nieippe Bruz.; Xueirue Krdy. ; leaea H. Edw. ; JUacleayia and 
Polycheria Hasw. ; MeUta Leach, in eome species one of Uie 3rd thoracio 
limbs terminates in a large cliela, especially developed in the male 
(Pr. Muller); Maera Leach; CTronponyar and QammareBa Sp. Bate ; 
Viphargue Schioedte, with rudimentary eyes, inhabits subierraneaD 
waters; Oof?»marus Fab. ; Pattaeea 8p. Bate; Oonetantia Dyb.; 
Metphidippa Boeck ; Amathia Rathke ; O ammaroeowlAas Sp. Bate ; 
WtyprteMa StuxbeiY ( AmatkiUaptie Hellss, 
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Sub fam. 6. Orchestllna. Head large, cubical. 

Bimple and mandibles without palps. The branchiae of the ^6th 
legB short and 8i»iraUy twisted. The tlirce last pairs of abdominal 
legs short and ^>oworful, the 6th with a single terminal lamella. 
Terminal abdominal segment short ond thick. Talitrui Latr. ; 
Orche^tia Leach; Hyale Rat like. They frequent eea-cooatB and 
inland waters; some Bpecies of Orcheetia are terrestrial. 

Genera of doubtful position Uristea Dana ; Ouerinia Hope ; and 

Synopui Dana 

Division 2* HYPEHINA. 

Head largo and usually rounded. The greater part of its surficc is 
usually occupied by the very largo eyes, wliich are nio^o or less com¬ 
pletely divided into frontolund lateral portions. Second antennae small or 
rudimentary in the feiualcH. Maxilliiieds much reduced and fused to form 
a plate linutiiig tho mouth cavity Iwhind (Fig. 300). Thoracic legs differ¬ 
ing from one another much in shape, with small basol .segments. Pelagic. 


Tribo 1. HYPERINA ANOMALA. 

Both pairs of antennae lie in ox. avntions on the under side of the head. 
In tho male tho first pair has a swollen shaft, clothed with hairs, and liears 
a rudimcntiin- nngi'llum. tho second is very thin aiul long and folded on 
itself in a vig/.ag. ’ In the female tho second is short and straight. Sixth 
ond seventh thoracic fe. t with tho second segment br.uul and lamoUar. 
Tho eighth is small or nulimentar>'. 

Fain. 1. Typhldae. Head swollen ; upi>cr lip councx : thorax broad. 
Bomewhat depn-s.ied ; abdomen much narrower, short and <apablo of 
iH'iiig folded in against tho thorax ; tho lamelUu- j.lates of tho G(h and 
7th pairs of thoracic legs very large and covering the whol-’ under 
Hiirfiico of tile tliorax. Eutyphia atiuA (I'latysalus Sp. Bate); Hemity- 
I'ariihjj'hi.'t. Telrathyrua, ond Atnphithyrua Clous. 

Fain. 2. Scelldae. Heatl and thorax iia in Typhiilae but the '»o«‘h 

parts i.rojcclmg ilh a U-ak. tho mondiblcs U'ing narrow and elongated. Iho 

aUlotu.-n longer. Tnnyacrlus. Puraacdua. ScUizoacclita and floua. 

I'am. 3. PronoldftS. Head rounded. urclK«d; Inith antennae present 
in till ftnuUf : muxilhu' i^tronp ; hody elonprttod and slightly coinpn'SstHl» 
ahd..mcn large ; plates of Oth and 7th thoracic legs of modoralo sue ; 
eighth riuluiientary. Pronw Gu6r. ; Eupronoi and Paraprotioi' Glaus; 


M. Kdw. j 

Fain. 1. Lycaoldae. Rescmbhng Hypiria in sliajs’ of body. Second 
anlenmie KPiierallv al^.nt in the female; maxilla.- fetd.ly develoiK'd; a 
pair ef “ ntnsa. s"' ab-.c- tlic brain ; idates of sixth and seventh thorocic 
f. et nM( nni. h enlarged ; ciglith pair with full number of segments. 

.Sp. Mate; /.-/cam Puna ; L. pufex commensal in Solps. Para- 
I fi/tina, /.i/catof-oiw and Simorhynrhua Clous. 

Fain. Oxycophalidae. Body elongated, luterolly compreased. hea.1 
pro Jui'eil into a l>eak )ike i-roiniiien.-o ; 2nd antomia olisent in tho 
female , two “ otoHUcs ” ab-)\c tho l-rnin ; ‘2nd and 3rd thoracic legs with 
cluu'hio in which tho two terminal 6<'gments ar\' opposed to a proct'so on 
the .vnte-iHMiultimato ; tho hth and 7th have slender plates, and tho 
eighth is .'oiiiplete ; alxl.-mcn large. Oxycephalua M. Edw., ond Rhab- 
dt'Homa White. R. amiafum from tho Atlantic and Pacific, one of the 
longest Ainphipoda known, attoinfl a length of 120 mm. 
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Tribe 2. HTPERINA NORMALIA. 

Both antennae arise from the frontal surface of the head ; the posterior 
is not folded in the male, in the female it is often absent or vestigial. 
The sixth and seventh thoracic le^ present various modifications in size 
and shape. 

Fam. 1. Phronlinldae. Head large, often produced downwards. 
Byes divided into dorsal, “ frontal ” and later£d regions, the ommatidia 
of the former being greatly elongated ; they occupying the greater part 
of the head. Both antennae long in the male, each with a many-jointed 
flagellum ; the first is short and without flagellum in the female, and the 
2nd vestigial. The liver tubes are rudimentary. 

Sub-fam. 1. Phroslnlnae. Body short, compressed, the three 
hinder pairs of abdominal feet broad and fin-like. Anchylonura M. 
Bdw. ; Phroaina Risso ; Primno Gu6r. 

Sub-fam. 2. Phronlmlnae. Elongated, the last thoracic segment 
long. Tliree hinder abdominal foot narrow. Phronima Latr. P. 
aedtniaria Forsk. (Fig. 307) is a widely distributed species. Perfectly 
transparent, except for the retinal pigment of the eyee (it is absent 
from the iris cells) and a few purple pigment colls on the limbs. 
Chun concludes that Phronima and its allies live, except in the 
breeding season, in the dark deeper regions (300-600 fms.) of the 
ocean. At that season the females approach the surface and take 
IMssession of the gelatinous test of a Pyroaoma or Salp, or the 
noctocsklyx of a Siphonophoran, the protoplasmic portions of the 
owner l^ing consumed by her. {Phronima is known os “ Nupoli* 
tano ” by the fishermen of Messina.) The males arrive at the 
surface later, and the brood when it leaves the brood pouch is shel¬ 
tered in the test. After the brooding season the males probably die, 
and the female and the young descend to deep water. PhronimtUa, 
Phronimopaia and Paraphronima Claus. (T) Tryphana Boeck. 

Fam. 2. Hypsrildae. Head large and rounded. Eyes large. Both 
antennae are present in both sexes. Liver tubes well developed. 
Themiato Gu6r. T. arciioa Kroy. attains a length of 60 mm. It is found 
at the surface and in deep water of arctic seas. CyUopua Dana; Cya- 
Uiaoma Gudr. O. neptuni, 84 mm. long, from the deep sea (1,090 fathoms); 
Tyro M. Edw. ; Hyperia Latr. ; Daira M. Edw.; Mimonectea Bovallius ; 
Lanceola Say. 

Feun. 3. VlbUldM. Head small, truncatod in front. Eyee small. 
Both antennae present, the first the stouter. Shape of the body like that 
of a Qammarid. Vibilia M. Edw. V. Jtangerardi Luo. commensal in 
Salpa dcmocratica, Mediterranean. 


Sub order 2. LAEMODIPODA. 

The first and second thoracic segments are fused with the head to 
form a ce-phaUhthorax. Abdomen reduced to a stumpdike process 
of the thorax. 8eeond and third free thoracic segments with paired 
saccular branchiae, but usually without legs. 

Fam, 1. OaprsUlna (Fig. 308). Grotesque Crustacea with long 
vair attenuated bodies ending abruptly with the stump-like abdomen, one. 
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CBUSTACBA MALACOSTRACA. 

1 are inhabitants of the Uttoml zone, frequenting tufte of 

55 S:r„is; =^:s r.=:Tr3 

A t^inrr ti-i PauI MAVOf Copr€lU$ dcfUGto IS bright gresD 

=’rx«K*„,rs 

SoT^rsT?heto"ri^“d dire^tod^^tenn^Toll doveloi^ and bear 
W The mouth parte do not depart markedly from the 

Am^hir^ type The legs of the second thoracic segment, which is more 
or l^^sely'^tod witf the head, boar grasping hai^. as do th^f 
tlie^hS ^ The fourth and fifth pairs may bo well ^bve^ 
or vestigial or absent, while the three posterior pairs aro 
barkwa^l, ending in long claws. Branchial sacs on t^^ third and 

sometimes on the second thoracic segiuonta The ^°7ai.r>on- 

and may bo entirely unsegmented. Only 2-3 pairs of 11 

Zt^Z. developed onit^ Proto Loach; CapreUina ^oms. ;^uUa 
Da^ ; Aeffina l^y. : Coprcfto Lam. ; Podalirtus and Crrcops Kroy. 



no. 303.-Copftfiia afirumbra (from Claa% Paul Mayor). K opIpodUl branchiae. 

Fam 2 Cyamlna. “ Whalo lioo.” They live attaclied by their 
,>oworfiU hind legs to the akin of Cotaoea. and gnaw out pits in which 
they lie. Body broad and flat and compressed longitudinally. J irat 
antomiao lUrectod forwards, with long shaft and short fl^llurn. the 
srxxmd may l>o much reduced, four jointed. Tlie mandibles without 
paliw, tiret maxillae with a short unjointorl palp, the second maxihao fu^ 
at tlieir basoe. MaxilUpeds with a single inner lobe and a 
or rudimoiitery palp. Second thoracic legs may slender, the 3fd^ 
powerful. 4th ond 6th absent. 0th-8th with powerful h^kod c^ws. ^ 
4tli and 5th w>gmentd bear the long branchial tubes. The worthko abdo¬ 
men is unsegnientod. onrl liears the vostige of a pair of appendages. 
Cyamua Lutr. ; Ptatycyamus Lutk. 


Order 7. STOMAToroPA.* 

Elongated Malacostracei with short c^phalo-thoradc shield which 
does not cover aU the thoracic segments. The five anterior pairs of 

• Besides Dana, M. Edw6rda and others, iximpure O. Pr. MUlIor, Bruch- 
stuck aus der Entwickolongsgoachichte dor Maulfusser, i and u,Arch.f. 
Naturge^ch.,-!Lxyiii, I802.and xxix, 1863. C. Glaus, Die 

SquUhdon. .46A. GoUinger Soe.. 1872. C. Grobbon Ihe Q«»chlwhtsor^ne 
von Squilla mantis. SUsuttgtber. <Ur k. Akad. der M^^»f***^* 

W. K-. Brooks, Chatlmger Report^ Btomtitopoda, 1886* H. J* Hansen^ 
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(fioraric fed are iumrd forwards as maxillipcds, the three 'posterior 
separate from them and biranwus. The swimming feet on (Ac 
strongly developed abdomen bear hranehial tufts, and the sixth 

pair forms, with the tdson, a caUdal fin. 

The Stomatopoda are a small number of closely related species 
inhabiting in the adult state coral reefs and sandy shores in the 
tropical and temperate regions of the globe. Though sharply 
separated from other Malacostraca, they pre-sent features of 
resemblance with the Amphipoda, Isopoda and Cumacea on the 
one hand and with the Decapods on the other. 



The integument is thin and flexible. The five anterior seg¬ 
ments of the thorax are crowded together behind the elongated 
cephalic region, and the dorsal shield is almost entirely a 
cephalic structure though overlapping the anterior segments 
of the thorax. It is less extensive in the adult than in the 
larva. The appendages of the five anterior thoracic segments 
are directed forwards about the mouth, and thus have 
the character of maxillipeds. Those of the three posterior 
thoracic segments are directed downwards. In the division 
of the thoracic legs into these two groups the Stomatopoda 
resemble the Amphipods (Fig. 309). 

The abdomen is large and powerful, and lodges several of the 
organs which in other Malacostraca are situated in the thorax. 

The anterior region of the body is distinct from the dorsal 
shield and divided into two small movable segments, the 
anterior carrying the stalked eyes, the posterior the first 
antennae. The latter terminate in a flagellar endopodite and 

Isopodoa, Cumacoon and Stomatopoden, Erg. der PtankUm-ETptdition 
Kiel, 1890. Orlandi 8. Bulla strutiura del. inteatino del Squilla mantia* 
AUi Soe. Ligtutica, zii (1901), 2, p. 112. * 
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an accessoiy flageUum which divides again (as in someCaridea) 
into two flagella, of which the outer is somewhat flattened, and 
beset with olfactory hairs. A movable plate, recalling that of 
Nebdlia, projects from the front of the dorsal shield over tins 
segmented region of the head. 

Tho question arises—la the segmentation of the front of the Stomatopod 
body tho remains of a primitive segmentation, or is it secondarily acquired ? 
The absence of a corresponding segmentation from tho preor^ port of tho 
body of the entomoatracan groups points to the latter concluaion. 

Tlie posterior antenna (A') is biramous, the endopodito ending 
in a flageUum, and the exopodite consisting of a large oval scale. 

The preoral region is considerably elongated. The anterior 
and posterior lips are well developed, and tho mayidihles, lying 
between them, bear a slender palp. The second pair of maxillae 
have a peculiar shape, with a lobed inner and outer border as 
in larval Pe.naeidea. 

Tlio region of tho body to which tho five maxillipoda are attached 
preoenta throe tergal acleritea, which corroaponJ to the throe posterior 
appendages. In front of the onterior at lerite a membranous troct uniting 
it with the base of tho doraol shield, lies dorsal and anterior to tho 
insertion of tho great second maxillipeda. Hence it does not oppoar 
that more than tho first thoracic, segment is represented with tho head 
region in tho shield of tho odult. In the larva the shield is entirely cephalic. 

The maxiUipeda are armed with prehensile claws, so shaped 
that the pointed terminal joint folds, like the blade of a pocket- 
knife, on its predecessor, and the limbs are so disposed that 
these joints are directed forwards and not backwards, os in 
Araphipoda. The second pair, which are by far the largest, are tho 
chief w'oaponsof these exceedingly pugnacious animals. Each max- 
illiped bears on tho outer side of its basal joint a staUced discoidal 
branchial lameUa (epipodite). The three succeeding appendages 
{B'-B"') are biramous and bear short styliform multiarticulate 
rami on their third segments, and their flattened terminal surfaces 
are thickly clothed with setae, Uke a hare’s foot. According to 
Claus the shorter rami ore the endopodites and the longer oxopo- 
ditee, and the stem of the appendage is two-jointed in the larva. 

The gills on the large ewimming feei of the abdomen consist 
of nnbranched filaments disposed in transverse rows along the 
branches of an axis, which is inserted on the inner margin of the 
base of the exopodite. The uropods are ndthout gills and, 
directed backwards, form with tho distinctly jointed telson a 
powerfol caudal fin. 
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In the central nervous system the supraoesophageal ganglion is 
a hexagonal mass (notwithstanding the apparent segmentation of 
the front of the body) supplying nerves to the eyes and both pairs 
of antennae. A compound ganglionic mass behind the oesophagus 
supplies the segments from the mandibulai as far as the fifth 
thoracic, but the nine segments behind this have eacli their own 
ganglion. The compound eyes have the same structure 
as in Decapods. In SquxUa the surface is not simply convex, 
but saddle-shaped. No auditory organ has been discovered. 

In the alimentary canal the triturating stomach is only 
slightly developed. The intestine is a slender and delicate tube, 
1 mm. in diameter 'm Squilla mantis, extending to the end of the 
fourth abdominal segment, where it joins the wider hind-gut. 
Parallel with the gut are two longitudinal canals, wliich open 
anteriorly by a common opening into the pyloric region of the 
stomach. Voluminous caccal diverticula are given off from 
thc.se canals, which are segmcntally disposed, in each posterior 
segment and in the telson, and almost completely envelop the 
inU'stinc (Orlandi). 

Tho glivnclK of \vhi(*h tlioso longitiKlitial oannis aro tlio ducta arc ovidontly 
hofiiolo^ous with tho ** hopatic di^o^tivo glamU of other Crustacea. 
Jioforo Orlundi^H rcsoar(*hoH wore published tho sognientally arrangtnl 
groups of CiU3ca wore »uj>])osod to oi>eti direct into tlio gut in StomatoixxlR 
and thus to [iroHont a puz/ling exception to tho UHual arrangement. 

Antennal glands are absent, but tlie presence of well developed 
shell-glands lias been dcmon.strated by Kowalewsky.* An 
excretory function has also been suggested for a pair of rectal 
glands. 

The heart is tubular witli numerous paired ostia, and extends 
from tho fifth abdominal segment to the front of the tliorax, 
where it presents a small enlargement. Fourteen paired artcrie.s 
are given off from it. 

The testes are abdominal and take their origin in a slender 
median tube. The vasa deferentia open on tho tips of the 
rod-like penes which spring from tho basal segments of the last 
thoracic legs. A pair of “ accessory glands’* pass backward 
through the thorax to orifices situated close beside tlioso of the 
vasa deferentia. The spermatozoa are spherical, with large 
nuclei. Tho males possess small processes of peculiar shape and 

* A. Kowaloweky, Ein Deitrog zur Kenntnisa dor Excrotionsorgano 
Bid. OentraUilatt, Bd. ix (1880). p. 41. 
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obscure function, on the inner margins of the first pair of 


abdominal feet. 

Xhe ovary extends throughout the thorax and abdomen and 
like the testis is unpaired behind and paired in front, ^e 
oviducts converge to closely approximated openings in a median 
depression on the 6th thoracic segment, a small receptaculum 
seminis being situated between the orifices. On the sterna of 
the three following segments are ccmerrf glands. 

Development. Our information on the earliest stages of 
the development of Stomatopods is imperfect. The ^gs are 
small ( 6 mm. in one species), but the form in which the young 
larvae are hatched is, in several genera, unknown. In some 


species at any rate the eggs are deposited by the mother in a 

burrow, and are 

there aerated by 
currents of water 
produced by her 
\\ r espiratory 

\ movements. 

I The larvae are 

A elegant, trans- 

parent creatures 
* which lead a 

B pelagic existence 

no. no.—A it»UfiAopUi» urni regknied M tt»e predMCfwro and Undergo a 

the Bridittioldiiuk itaites (after Llitor). S The yonngeet known meta* 

Brlchtholdina Urra (eUer HnoMn). «" tat and teoond maraeu lu »» 

antennae: aM Qnt abdominal le^ ; r./caodal fork ; a^ momhosis. Bc- 
poateio-latoral and poatero-median eplnea ; r (In B) e 

roatntm. fore their rela¬ 



tion to adult Stomatopods was recognized they received generic 
names, two of which, Efichihus and Aliffuit have been retained 
to dtirfiingiiiRh two Bomewhat different types. 

The earliest {Ericfdhoidina) stage of the Erichthus type, whose 
connexion with succeeding stages has been traced, is comparable 
though not closely with the Protozoea stages of other forms 
(Fig. 311 A)» A large cephalic shield, folded over at the sides, 
is produced into anterior and posterior median and into postero¬ 
lateral spines. The larva p<»8e8ses a median and two well 
developed lateral eyes and five biramous s wimmi ng thoracic 
appendages of which the second is as yet only slightly the laigest. 
Though all the thoracic s^pments are formed the three posterior 
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are as yet, and remain through several ecdyses, without limbs. 
The first abdominal appendages however appear at this stage, 
and a large caudal plate, the telson, terminates the body. 



1^10, Sll.^Kour coQMCuUve BrIclitliulcJtnAsUflei. flnt and Moond anUmnao; 

ilio fUx abdomloal ; i-V the dve inaxMlIpeda: 6, 7 and S iha poatertor Ihoradc eeg- 
roonU, hmbUM at tlila atAge iin>in Korachelt and Meldor» altar Claua). 

It apiiean probable that the metaaaupUus repregontod in Fig. 310^, m a 
8toiiiato|K>d larva in a still earlier sta^ than the Erichthoidina. ^ The 
fully formed condition of tito oyee at tliis early stage, the largo size and 
sha[>eof the carapace, its limitation to the cephalic region and the disposition 
of its spines are features wliich connect it with the Erichthoidina. On the 
other liand the jointed <*aadal fork recalls the PhyilojxKi Aptis. Its jointed 
cluiraeter is o feature retained by no other known Malacostrocan larva. 

^ Cf. J. J. Lister, On a (f) Stomatopod Motanauplius Larva, 
xU (1898), p. 433, 
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Kio 312.--Oldcr EriHiUitxs larva 
(from Korschelt ami }l«^ldor, 


after Clatu). q\ a" drat 


and 

seoood antennae ; I^V maxlOU 
pcdi; VI^VIIl mdlmenU of 
Iho bostertor thomcic leize; 
qI-hib ploopoda, ^r bmochlal 
nidimenta. 


posterior thoracic legs are 
entirely absent (Fig. 313). 

The stage in the life- 
history of Stomatopods 
in which the first and 
second thoracic limbs are 
well developed while - the 
remaining thoracic limbs 
are reduced (Erichthus) 


At what is kno^im as the Erichthus 
stage of this larva (Fig. 312), which 
follows the Erichthoidina, all the ab- 
dominal appendages are developed and 
the two anterior pairs of thoracic legs 
are much elongated. The tliree suc¬ 
ceeding legs have dw'indled to an almost 
vestigial condition, and it is not until 
the later period of larval life that they 
elongate and acquire their chelate 
extremities. The rudiments of the 
6th-8th thoracic legs have now ap¬ 
peared. 

In Sguilla the eggs hatch as Alima 
larvae at a stage of development corre¬ 
sponding to the Erichthus stage above 
described. The body is however more 
slender in proportion to the size of the 
carapace, the shape of the latter and of 
the telson is different, the cephalic 
region is much elongated, and the six 



Fiq, dl8«— Young Mima Urva (from Ctaos)* 
Af abdominal met (pleopoda); Mxr anterior 
muilll poda; Mxt iho lanm maxilUpi^ 
(aeooQd pair). 
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or absent (Alima) may be compared the zoaea stage 

of Euphausiidae and the Decapods. It differs however from 
the zoaea stage of these forms in that the abdominal legs are 
already developed. 

Owing to the pelagic habit and the prolonged period of meta- 
morpliosis of the larvae, during which they are borne about by 
the perpetually circulating ocean currents, the species are 
widely listributed over the Shores of temperate and tropical 
regions. The adults vary considerably in size from 38 mm. 
{Chloriddla microphthalma) to 34 cm. {Coronis maculata). Some 
are of a uniform green colour, others are boldly marked with 

transverse stripes of yellow and brown. 

Fossil Stomatopods have been found in the Jurassic and later 

formations. 

Fom. SqullUna. SquiUa Fab. S. mantis Rondelet and S. desmarestii 
Risso have been taken on our shores. LysiosquUla Dana : PseudosquiUa 
Dana ; Oonodactylas and Coronis Lat. ; Odontodactylus Bigelow; Coronida 
and ProtosqxiUla Brooks, rostral spine of the larva retained in adult; 
LeptosquilUi and Choridella Miers ; PterygosquUla Hilgdf. 


Order 8. Decapoda.* 

Malacostraca in which all the thoracic segments, or all but the 
last one or itvo, are united with the head by the dorsal shield. The 

* Horbst. Versuch einer Naturgesckichte der Krabben und Krebse, 3 Bde., 
Berlin 178^1804. Loach, Malacostraca podophlhalma Dritanniae, Lon¬ 
don, 1817 to 1821. Th. Bell, A history o/ the British stalk-eyed Crustacea. 
L^ondon, 1853. H. Rutliko, VnUrsuchungen iiber die BUdung und Entwick- 
elung des Flusakrebaes, Leipzig, 182D. Sponco Bate, On the development 
of Decapod Crustocea, Phil. Trans., Ix>ndon, 1869. Report on the Crustacea 
Macrura, Challenger Report, 24 (1888). C. Claus, Zur Kenntniss dor 
Malacoetrukonlurven, Wiirzb. naturwisa. Zeitschr., ii., 1861. Fr. Miillor, 
Dio Verwandlung der Gamtielen, Archiv fur Naturgesch., xix, 1803. Fr. 
Miillor, Fur Darwin, Leipzig, 1804. V. Henson, Slttdien ub das Uehororgan 
der Dekapoden, Leipzig, 1863. C. Holler, Die Crustaceen des Sudlichen 
Europa, Wien, 1863. F. Moyor, Zur Entwick. der Dekapoden, Jen. Zeits. 
Bd. xi (1877). C. Grobben, Boitr. z. Kenntniss d. m&nniich. Gesch 
lechtsorgane dor Dekapoden, etc., y4r6. Zool. Inst. Wien, i (1878). J. E. V 
Boas, Btudior over Dokapodemos Slaegtskabsforhold, Vidensk. Selsk. 
Skr. Kjobonhaven, 1880. T. H. Huxley, T?te Crayfish, London, 1880. 
W. K. Brooks, Lucifor, Phil. Trans. 1882. H. Reichenbach, Studien zur 
Entwick. dee Flusskrebses, Ahh. Senckenberg. Nat. Qes. Frankfort, 1886. 
H. C. Bumpus, The Embryology of the American Lobster, Joum. Morph. 
V, 1891. E. Bouvior, Rech. A^t. s. 1. syst. art6riollo d. Crustuc^s D6ca- 
podea, Ann. 8c. Nat. 1891. W. K. Brooks ond F. H. Herrick, The Em¬ 
bryology und Metamorphosis of the Macroura, Mem. Nation. Acad. Science, 
Washington, 1891. P. Marclial Rech. Anat. ot physiol, sur t’appareil 
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eyes are sUdked and convpaund. The first, second and third thoracic 
appendages are modified as maxiUipeds, leaving five pairs of trunk 
legs, and there may be as many as four epipodial branchial rudiments 
corresponding to each of the thoracic legs. 

The cephalo-thoracic shield or carapace attains its fullest 
development among the Decapods, involving in many cases all 
the thoracic segments, though in some groups the last segment 
{Astacus) in others the two posterior (Brachyura) remain free. 
The side of the carapace is formed by the pleural fold or branchi- 
ostegite, which ends in a free margin over the bases of the limbs 
and shelters the gills which lie between it and the body wall. 

In the Macrura Natantia and Reptantia the cephalo-thorax 
is of an oval shape, ending in front in a pointed rostrum, the 
branchial cavities are lateral, and the abdomen is well developed, 
being as long as or longer than the carapace, and ends in a telson, 
wliich with the terminal appendages forms a powerful caudal fin. 

In the Brachyura, on the other hand, the carapace is gener¬ 
ally broader than it is long, the thoracic limbs are set wide 
apart, and the short abdomen does not end in a caudal fin but 
is bent forward and applied to the faces of the broad thoracic 
sterna (Fig. 316). Owing to the great expansion of the cephalo- 
thorax the branchial cavities lie rather beneath than at the sides 
of the thorax and the brancliiostcgite, especially in the anterior 
region, projects inwards forming the floor of the cavity (Fig. 316). 

In the Anomura we meet with a variety of stages intermediate 
between the Macrura and the Brachyura, in these respects. 

In the larger Decapods the skeleton is firmly calcified. 

Tho so-called “ cer^ncal groove ’’ of Astacm and many of the larger 
Mocrura is regarded by Huxley,* and some later writers, as tho limit 


oxcroteur d. Crustac«58 Deoapodee, Arch. Zool. exp., 1802. A. Ortman^ 
Dos Sj'Ht. d. Dokivpodenkrebse, Zool. Jahrb. ix, 1897. See also Bronn » 
Thcirreich, Crustacea Malacostraca, Leipzig. T. R. R. Stebbing, -4 History 
of ihc Crustacea. London, 1893 (Int. Scientific Series). A. Alcock,Materials 
for u Carcinological Fauna of India, Joum. Asiat. Soc. Bengal, Colcutt^ 
1895-1900. Id. Desc. Catalogue of Indian Deep-Sea Crustacea DecapodaaM 
Anotnala in the Indian Museum, Calcutta, 4to, 1901. W. T. Caiman, On 
tho Classification of tho Cniatooea Molacostraca, Ann. and Mag. of N. B., 
S>^^. 7, vol. xiii. 1904. N. K. KoltzofT, Studien ub. d. Gestalt d. ^Uo. 
I. Unters. iib. d. Spermien d. Decapoden, Arch. f. mik. Anat. l*vn 
(1000), p. 304. L. A. Borrodaile. On tho Classification of tho Docaj^ 
Crustaceana, Ann. and Mag. of N. H., Ser. 7, vol. xix (1007), p. 467. Id. 
Articles on Crustacea in J. 8. Gardiner's F’aumi and Qeography of tM 
Maidive and Laccadive Archipelagoes, Cambridge. 

* Crayfislk, p. 19. 
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Fio. 814.—HAle ud («in*te of Awtacus fitiviaiili* ftoeo iwm the v«Qtral Me. In the mnle 
nmbatniory nnd nbdomlul feet of the left tide ; In the feranie the unbuUtory feet of 
the light tide nod the mAxUllpedt of both tldet htve been remoTed. A nnut; A' taten* 
nnlet; A** nntennte : DoeoMoiogof the green gitnd ; P", P"' flnt tod second abdomiosl 
foot ; O04 genlUl opening; iid amndlblo with ralp ; Ait^, Mg'" flist tnd second msjdllse ; 
J#s/( to MTf^ the Orti three pslrs of innxllllpeas ; Oe eggs ; FI scale of antenzin. (After 
CUut.) 


between the head and thorax. That this 20 the case appears very doubt* 
ful from a coosidoration of Onathophaugia. In this Schizopod^ the dorsal 
shield extends back over the succeeding sogmenta, but does not appar¬ 
ently fuao with tham^ the eight thorsunc terga remaining distinct.* The 
ehield appears to be in this case as clearly limited to the head region as 
that of ApMM or Ntbalia. Towards the front of the upper surface of the 
shield them is however a groove, which is identical in position with the 
** cervical groove *’ of Aeiacxis. In Onathophangia therefore it appears that 
the groove is very far from marking the posterior limit of the head. 

It was named cervical groove by H. Milno-Edwards who regarded it as 

• Cf. Sara OhaUtnger Rtport. Schizopoda, pi. 8, Fig. 17. 

Z—III r. T. 
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the poeterior limit not of the hei^ but of the regions correepondmg U> t^ 
antennary and mandibular appendagoe, but the groat venation m ito 
position even in allied genera, ite incompletoneee in some forma, and its 
entire absence from many of the lower Decapods, render its segmental 

nature very doubtful. • 

Other grooves are often present on the decapod carapace, but as m the 

case of the cervical groove their morphological significance is otacum. 
These are well marked end may present a complex arrangement • in the 
Thalassinidea. Among them may be mentioned a pair of open longi¬ 
tudinal sutures dividing the median from the lateral regions of the ^halo- 
thorax, and known as the Uneae thalastinicae. They are present in 3 out 

of the 4 families. 

The projecting margin, or pleural fold of the carapace, is found 
in varying relations with adjacent parts in the several groups of 
the Decapoda. These must be considered in some detail. 

Posteriorly the pleural fold forms the outer or lower boundary 
of the gill chamber and is known as the branchiostegite. An¬ 
teriorly it abuts against the sides of the oral apparatus, and 
in the Brachyura and Anomura, where the mouth regions have 
undergone specialization, the anterior part of the pleural fold of 
either side is separated by a pleural suture from the rest of the 
carapace and is known as the pierygosiomial region (Figs. 316 and 
316, Pi.s). 

In the lower Macrura the sides of the carapace are little differen¬ 
tiated. The pleural fold extends forward to the region of the 
eyes, where it is excavated to allow of the play of the eye stalks, 
and anteriorly it is continued into the base of the rostrum. 

The modifications to which it is subject in the lugher 
Decapods are associated ^^ith modifications of the sternal region 
of the bcay in front of the mouth, known as the epistome (cf. Figs. 
316 and 316). This area is bounded behind by the insertions 
of the mandibles and the base of the upper lip or Uibrum ; the 
side limits are set by the pleural margins of the carapace and 
the anterior by the bases of the first and second antennae. In 
front, between the bases of the first antennae, the epistome 
often ends in a more or less prominent point in the middle line 
(Fig. 316). In the Caridea the epistome is of small antero¬ 
posterior extent, but in the Macrura Reptantia the length in 
this direction is considerably greater. In the Nephropsidae its 
pleural boundaries though clearly marked are low. In the 

• Cf. Borradaile, Marino Cniatacoans, Pt. xi. Gardiner's Fauna and 
Qtography of the Maidive and Laccadive Archipelagoes, vol. ii,' p. 690. 
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Eryonidae and Scyllaridae there is no pleural fold at this part 
to separate the epistomc from the sides of the carapace. 

In the large group 

of the Anomura the ^ 

ptcrygostomial region 
is separated from the 
carapace by a distinct 
and flexible suture (a) 
and forms a movable 
flap, which anteriorly 
projects freely at the 
sides of the epistomc 
(Fig. 315). In the 
notch between this 
and the forward con- 
tinuation of the 
jilcural fold is set the 
second antenna. This 
is the rclationsliip of 
the i)art8 character¬ 
istic of the Anomura. 

In the Brachyura 
tiio anterior part of 
the epistomc is dilTcr- 
ontiated from the 
dccjily excavated pos¬ 
terior part, and bears 
the first and second 
antennae on its front 

border. The ptcrygostomial region, although marked off in 
the Brachyura, from the rest of the carapace by the pleural 
suture, is not movable on it.* Anteriorly it abuts against 
the sides of the front part of the epistomc, and, instead of 
projecting freely, joins with the latter by a suture (Fig. 
316). This suture is most marked in the lowest group of the 
Brachyura, the Drorniidae. Tlio ridge forming its outer border 
may bo regarded as the pleural margin of the carapace. 



Fici. 316 .—Bfunida tbowlng thd reUtiooi cf thepUrygo- 
bUimUaI region in Uic epbtome in the Aoomum. fLnft 
AnU^iiOA "i second sntoona ; Ch choUneds ; Bp 

epbiome ; A/n cutting edgs of tbe mnncUbU; 
pcdif^^rni Uilrd nuixllllf:^ ; Ot tyt ; Pi.s pUrygostomul 
flAp ; $ pleumi luturo by which It srilcuUt^s wiUi iho 
carapace ; TA.3 slender Uwi thoracic legs ; ui, upper Up. 


^ Us free margin forms tho eido of what is known as tlio buccal frame, 
limiting t)io rocoss in which tho mouth porta aro contained. This racosa 
is closed by the doordiko third maxillipodo (Fig. 31G). 
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Anteriorly it becomes more prominent, and abnts against the 
base of the 2nd antenna, partially or completely limiting its 
movement. In most Brachynra the orbit is extended as a 
hollow in the side of the carapace, and the forward con¬ 
tinuation of the pleural margin is to be sought in the floor of 
the orbit, near the base of the eye stalk. In the Oxyrhyncha 
the base of the 2nd antenna, epistome and side carapace are 
fused together, all trace of sutures being obliterated. 



Another characteristic feature of the Brachyura is that the 
rostrum is very short and united below wtli the front of the 
epistome, by a median ridge passing between the bases of the 
first antennae (Fig. 316). 

Orbits. In the Macrura the eye-stalks are inserted neat 
together in front of the first antennae and the eyes project 
sideways. The edges of the carapace (pleura) are, as noted 

above, excavated to give them play. 

In the Brachyura, in accordance with the transverse extension 
of the front of the carapace, the eyes are generally set far from 
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the middle line, and project externally to the second antennae 
(Fig. 316). They are lodged in hollows of the cephalo-thorax, the 
orbits, but the structures bounding the latter vary in the several 
groups. The anterior, external, and posterior walls of the orbit 
may, as we have seen, be regarded as formed by the pleural 
fold, the excavation of the margin having become very much 
deeper than it is in the Macrura. 

In most Brachyura the basal j 

segments of the second antenna ) / i/f 

are situated at the postero*inter- \ \ / f i 

nal angle of the orbit, and thus \ 

furnish a part of its boundary ; rc 

tlie enlarged basal segments of 

the first antenna completing the -Jf 

inner walls (Fig. 316). ^ 

In the Catometopa the down- 
turned front of the carapace 
bounds the orbits internally, and 7 

a blunt spine-like process from the - ec 

posterior orbital margin, project- __ 

ing forwards and inwards, more - .. 

or less comi)letely excludes the 
second antenna from participa- 
tion in the orbital boundary. 

In the Ocypodidae the orbits 

arc greatly extended laterally to oi'°renafu!»*Ta(t«r°ciauai. 

form -OThital groove^:' lodgii>g 
the long and highly mobile 

and pleurobranclilot*; trunk legs; 

cyCH. ntaxlUipods. 

Finally in ti>o Oxystomata 

tlusre is no posterior orbital wall, the pleural fold being absent 


..Sc 




FiO. 817.—The rudiment* of the 
branchloo of Ptnatuc (after Claus). 
Ja-7a podobmiichloc ; 7e-7e and 
pIcurobroAchuu*. lu most scgnicnU two 
Ui cAch appendage; iho arthro branchiae 
aro seen between the iiodobmnchiae 
and pleurobranclilot*; trunk legs; 

ntaxlUipod*. 


in this region. 

Branchiae. In Anaspides cacli thoracic leg bears, as has been 
Bhown, two epipodial gills, having a simple leaf-like form (Fig. 
2«7). In the larva of Penaeus, the branchiae make their appear¬ 
ance as simple lobes, of wliieh there are at first three, attached 
to the boscj* of c?ach of the central thoracic limbs. To these a 
fourth is soon added. Fig. 317, lying near the proximal one. Of 
the original three, the middle branchia is attached to the region 
whicli subsequently becomes the membrane of the articulation 
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oonneoting the Umb with the body • Though the base of the 
limb, bearing the proximal brancliiae, projects in the larva, it 
is subsequently merged in the trunk, and hence the two bran¬ 
chiae which it bears are attached in the adult to the body wall 
(pleurobranchiae). The others, attached to the articular mem¬ 
brane and the basal segment of the adult limb, become the 
arthro- and podobranchia respectively, f 

It would thus appear that the branchiae of Deca.pods were 
all originally appendages of the limbs, as are those of AnaspideSy 
and that their partial change in relation is due to the fusion of 
the proximal segments of the limbs with the trunk possibly 
owing to the formation of a branchial cavity. The distal 
branchial outgrowth (podobranchia) may develop into a simple 
plate, or into a plate bearing branchial filaments, as in Astacus, 
or into a plate bearing branchial filaments, but also extended 
into a process free from such filaments. Although it is probable 
that all the branchiae are epipodial in nature, the terms epipodite 
and flagellum are, in Decapod terminology, applied to the more 
or less tapering plate-like process of the podobranchia, which 
bears no branchial filaments. It is the mastigobranch of Spence 
Bates’ nomenclature. Huxley uses the term lamina for a 
plate-hke part of the podobranchia which hears gill filaments, as 
e.g. in Astacus. 

The number of branchiae varies greatly and is not constant 
even in the same genus. The slender pelagic Lcucijer is the only 
known Decapod without them. The number is generally largest 
in the Macnira Reptantia (Pah’/iuru^ and. Astacopsis 21, Huxley, 
AsUk^ls 18, Huxley)^ and smallest in the Caridca {Pandalus 12, 
Grangon 6, Clausj and Brachyura (Cancer 9, Huxley, Pinnotheres 
3, Claus). Among the Penacidea, Penaeus has 18, Claus and 

• The question how the four branchiae of the limbs of Decapods are 
related to the two on those of Anaspides appears too far from solution for 
profitable discussion horo» cf. Borra<laile» l.c. pp. 461-463. 

t Huxloy concluded from his examination of the Crayfish that the 
branchial equipment of a segment was 1 podobranchiaf 2 arthrobranchiae 
and 1 pleiirobranchia. But Claus» from his study of the development of 
Penaeua is inclined to regard the posterior arthro branch of Huxley as be* 
longing to the proximal series, i.e. as a pleurobraneh. 

X It has recently been shown by Miss AI. Moseley that a rudimentary 
posterior artluobranchia second pleurobraneh on Claiis^ reckoning)^ at the 
base of the first maxilliped, is present in Astaciis fluviotilis Fabr* (sensu 
stricto), which would bring the number of gills for this species to 19. See 

VoL 48 (1906h p. 359. 
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Sergeates 12, but the deep-sea form Bentheeicymue has 24 
gills.* 

There are two main forms of branchiae in the Decapods, 
'phyllobranchiae, consisting of simple leaflike lobes set on either 
side of a main axis, and trichchranchiae in which linear offsets 
are arranged around a central stem. A third type, the dendro- 
hranchiaU, may be regarded as a modiflcation of the phyllo- 
branchiate by the sub-division of the lateral lobes of the gill. 
It is met with, under somewhat different forms, in the Penaeidea. 
The Caridea and Brachyura have phyllobranchiae, the majority 
of the Macrura trichobranchiae, but in the Paguhdea and 
Thalassinidea both kinds are found. 

The branchiae are usually completely enclosed between the 
lateral fold of the carapace {hranrhiosiegite) and the body wall, 
though their bases 
are often exx> 08 ed in 
some Caridea. The 
water about them is 
renewed by the 
movements of the 
scoop-shaped exopo- 
dite of the second 
maxilla, kno\vn as 
the scaphognathite, 
which lies at the an¬ 
terior end of the 
branchial chamber and drives out the water which in the Macrura 
enters behind and below the branchiostegite (Fig. 318). In the 
Crabs the water usually enters the branchial chamber by an 
aperture situated behind the pterygostomial region, and in front 
of the bases of the chelipeds. The epipodite of the third maxilli- 
ped is dilated at its base into an oval plate, which regulates 
the flow of water into the chamber through this aperture. The 
sides of the carapace and the bases of the limbs in the neigh¬ 
bourhood of the inhalent aperture are, in sand-haunting crabs, 
plentifully clothed with hairs, which form, when the legs are in the 

* It is customary to sum up the number of gills on one side of tho body in * 

** branchial formula** thus: Pandalus 12 -t- 7 ep; Penaeua 17 ( +r) + 5 op. 
ep stands for epiiwdite or flagellum in the sense defined on p. CIS, r 
for a vestigial bronchia. 





PIO.SIS.—Coplialotlioraxof Atuuu» &lter nsmovaJ 

of tho hrmochiootegllo. R podobrmAchUo; hip ec^pho- 
giuthlto of OMOQd mftzlIlA: Mzr" third mAzIhIped; O 
•tiUkod oyo ; R rostrum. (From CUus» aftor Huzioy.l 
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position of rest, a filter through which the water is drawn on its 
way to the giUs. The water driven out by the scaphognathite 
escaiies at the antero-lateral margins of the buccal cavity. 

Garstang * has called attention to the filtering mechanisms 
found in several groups of Decapods. In the nocturnal shore- 
haunting crab Corystes, the setose second antennae are much 
elongated and, when placed in apposition, form, as was recognized 
by Gosse and by Robertson, a straight tubular channel for the 
respiratory water when the body of the animal is buried in sand. 
Garstang finds that during the day, when it is so buried, the 
channel is inhalent, the water passing out at the bases of the legs, 
but that the direction of the respiratory stream can be reversed, 
during the activity of the crab, at night. A similar contrivance 
is found in the anomuran Albxineay but here the channel is 
formed by the first antennae. The oxystomatous crabs (p. 
544 ) present analogous arrangements, and in many cases 
the shape of the carapace and the limbs is so adjusted as to 
provide narrow rifts through which the inhalent water is 

strained. 

Land-crabs are provided with special arrangements for pre¬ 
venting evaporation in their gill chambers, but in Birgus latro^ 
the branchial chambers have assumed a pulmonary character 

(p. 540). 

Appendages. The first anUniia consists of a three-segmen^ 
shaft (containing, except in some Caridea, the otocyst) bearing 
usually, as in Scliizopods, two flagella of which the inner is 
usually the thicker and more abundantly supplied wit 
sensory liairs. In tho nduplius larva of Penaous it is as usua 
uniramous. The Palaemonidae are remarkable in that these 
appendages bear, as in Stomatopods, three flagella—two o 
them representing the inner flagellum, and indeed uniting m a 
common base which bears the usual relation to the outer flagellum. 
In tlie Penaeidea and many Caridea a pointed spme-like or 
lameUar process, the “ stylocerite " projects forward from the mner 
aspect of the basal segment of the first antenna. In t e 
Brachyura the first antennae are usually short and contained 
in depressions of the frontal margin. Tlie three segments of 


* On some modifications of structure subservient to respiration m 
Decapod Crustacea . . Q.J.M.S., vol. xl. (1898). p. 211. See also the 

literature there quoted. 
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the shaft are folded on themselves, and the two flagella are much 
abbreviated (Fig. 316 Ant.^). 

The second antenna consists typically of a two-segmented pro- 
topodite, a scale-like exopodite [scaphocerite), and of an endopodite 
ending in a flagellum. The proximal segment (coxoimdite) hears 
the orifice of the green gland on a prominence (Fig. 314 />>0- 

The second segment (basipodite), is often divided longitudinally, 
when the exopodite is present, into two parts. The exo]>odite, 
though retaining its flagellar character in the larvae of .some of 
the lower Decapods, is, when pre.sent in the adult, an undivided 
scale-like structure, often ending in a spine. It presents many 
phases of reduction and in the Scyllaridae and Braehyura i.s 
absent altogether. The eJidopodite has two large basal segments, 
the proximal articulating with both divisions of the basipodite, 
and a many-jointed flagellum. When the exopodite is absent 
the appendage presents a 4-segmented shaft ending in a flagellum. 

The Scyllaridae are remarkable in that the co-xopodites of the 
second antennae have become completely fused with theepistome, 
and, except for a faint median division, with one another. 

In the Braehyura these appendages are much reduced, and tlie 
basipodite is often completely fixed between the epistorne and 
the pleural margin (Fig. 316). The coxopoditc appears to he 
still recognizable as the small opercular Hap covering the orifice 
of the green gland. Other modifications of the second antennae 
and their relation to the orbits are described above (p. 51G). 

The mandible is generally robust, and the palj) well developed, 
though the latter is absent in several families of the Caridea. 

The first maxilla is produced inwards into two lobes, referred 
by Hansen {see p. 438) to the first and third segments of the 

limb. 

The second maxilla is likewise produced inw ards into tw o lobes, 

both deeply divided (Fig. 240, d, p. 346). The palp, though 
two jointed in some larvae, U unsegmentod in the adult. Tlie 
exopodite is expanded into a long plate, the scuphognathite, 
which, lying, as wo have seen, in the cliannel of the outgoing 
w'ater, effects, by its movements, the renewal of wat<*r in the 
branchial chamber. 

The three anterior pairs of thoracic legs of Decapods have, 
for the most part, lost their locomotory function in the adult 
and are modified, as mazillipeds. Hence there are only five 
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pairs of locomotory legs on each side of the thorax. These are 
known as the trunk-legs or pereiopods and in reference to their 
number the group is named. 

The biramous character is retained by the maxillipeds through¬ 
out life, and in the Penaeidae and some Caridea a reduced 
exopodite persists on the trunk-legs, but in other Decapods 
exopodites are wanting from the trunk legs in the adult, though 
appearing in the ‘ Mysis ’ stage of many Macrura. 

The endopodites of the third maxillipeds retain something of 
a leg-like character in the Macrura (Fig- 314, mxP), although 
they are no longer used in locomotion, but in the Brachyura 
these appendages become broad and opercular, folding together 
over the mouth parts anterior to them, like doors (Fig. 316). 

The exopodites of the maxillipeds of the Brachytira end in 
whip-like appendages directed backwards over the gills, and the 
bases of those of the first and third are expanded into plates 
which control the current of the respiratory water. The 
characters of the endopodites of the first maxillipeds of the 
Oxystomatous Brachyura are mentioned on p. 644. 

The first maxilliped of the Caridea is peculiar in the possession 
of an unsegmented lobe on the outer border of the exopodite. 
The first trunk-legs (chelipeds) are generally chelate, but this 
character is often shared by their successors. 

In connexion with the problem of segmentation attention 
may be drawn to the remarkable raultiarticulate character of the 
carpus (antepenultimate segment) of the second trunk-leg in 
the Hippolytidae, and other families of the Caridea. 

Of the abdominal appendages the last pair {uropoda) form 
with the telson the powerful swimming tail fin of the Macrura. 
The pleopods are best developed in the Macrura Natantia, where 
they are the locomotory organs in ordinary swimming. In 
the Caridea a small lobe known as the appendix interna and 
projecting on the inner margin of the endopodite is constantly 
present (the “ stylamblis *’ of Spence Bate’s terminology). We 
have already met with this appendage in the Xfeptostraca and 
Euphausiidae (pp. 458 and 467). Among Decapods it is absent 
in the Penaeidea, Nephropsidae, and Brachyura, but appears 
in the Caridea, Eryontidae and ScyHaridae, moat Thalassinidea 
(Pig. 319) and some other Anomura. 

The first and second abdominal limbs of the male are modified 
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as copulatory organs in the Nephrojwidae, Galatheidea and 
the Brachyura, but in the Caridea and Scyllaridae this is never 
the case. The other abdominal limbs are more or less reduced 
or absent in the higher Decapoda> though 
some are generally retained in the female 
for tlie support of the eggs and young. 

The nervous system of Decapods is referred 
to at p. 443, and the sense organs at pp. 328^ 
and 350. A glimpse into the high psychologi¬ 
cal development attained by the Brach 3 nira 
is afforded by the remarkable habit possessed 
by many of the Oxyrhyncha of decking them¬ 
selves (cf. p. 544) with pieces of seaweeds 
and colonial animals (such as Alcyonium and 
Ascidians) among w4nch they live. They 
thus by their own activity attain a result, 
that of blending in appearance with their 
environment, which in Hippolyte variant is 
attained by a complex reflex action (p. 444). 

The heart is perforated by three pairs of ostia, two dorsal and 
one ventral. An anterior median artery carries the blood to the 
brain and eyes, and anterior paired arteries supply the antennae. 
Paired hepatic arteries ventral in origin supply the stomach, 

JOa 



Flo. 3IU.—Third nb- 
dominal Umb of Axiu$ 
a<2f%'hu4. I codopo* 
dilo ; 2 appendix In* 
terna styUmblia '*j. 
Alter Borfadalie. 



F' r 


/lo 320.^LoogUudlnak aecilon through A9tacu$ fluvUUUU (fiom Claus, after Hule^K 
Aa abdominal aorta, the sternal artery U given off close to tic origin ; Ae oephallo 

aorta ; C heart; D lotestlne : O brain ; 06 gemtal opening ; Km masticatory stomach; 
L liver ; N, ganglionic cord ; 3/ lateral plate of the caudal flo ; T testis ; Vd vas delercns. 


liver and gonads, and a median abdominal artery carries the blood 
to the hind end of the body. The unpaired sternal artery descends 
vertically, posses through the ganglionic chain and divides into 
anterior and posterior trunks which run above the sterna of the 
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segments (Fig. 320, Sta). From the arterial capillaries the blood 
collects into sinuses at the bases of the gills, and after its oxi¬ 
dization, returns by branchial veins to tlie pericardial sinus. 

Alimentary Canal. The masticatory stomach is large and 
complex in Decapods. The many-lobed digestive gland of the 
adult is derived from three pairs of simple diverticula in the 
larva, and, with the pyloric stomach into which it opens, 
represents the larval hypoblast. 

Excretory Organs. The antennal glands consist of a glandular 
sac {saccuhis) which communicates with the external opt*ning 
at the base of the second antenna by a contorted glandular duct, 
usually dilated before its termination into a receptaculum. The 
sacculus has been interpreted as homologous with the end-sac 
of the nephridiuni of Peripatus (see p. 542). The parts present 
great variation in different groups. 

In Aatactis tho apparatus is didi>osed in 
two oval niaases lying ono above tbo other ; 
dorsftHy is placed tlio receptacle, o|XMiing in 
front on tlio 2nd antenna, and ventrally the A 
glandular mass, of complex structure, anti con¬ 
taining tho sttc- 
cuius (y*>l!i>w) 
enil>odded in its 
upper [)orti<m. 

Tho duct aftcif 
leaving tho sne- 
(Milus expand?^ 
into a Complex 
network of tula^.s 
(labyrinth), with 
green granules 
in tho cells, 
which forms a 



cortical layer 
over tho lower 
surface f tho 
organ. Tho 


■10 321 —GcncroUvc i.rRans of (after Clatis). * 

SUle Orf Sict; o7k.-.»UI uf the j..lu of t .0 

llfth pair of ftiuhulatory U'K' i ^ 

vuVva oil tho hoaal joint of tho third pair of aiubulat^>ry h gn (** ). 

Vd vod dctcrciki. 


labyrinth i>pcns • 

into a tangled tube occupying tho inner (white) portion of tho orgon, ana 

ojKiiiing {Kjatoribrly into tho nn-optaculuin. 

The receptaculum is rarely as simple as in AsiacuSy but sends 
out diverticula, which may unite, a.s in Pagurus Btrnhardits 
into a median tube, extending back as far as the last ijuarter of 


the abdomen. 

Reproductive organs. The arrangement of the gonads and 
their ducts is shown in Fig. 321. The spermatozoa of Decapods 
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are contained in 8'ptrfH(ilo'phx>res,\ki^ material of which is secreted 
by tlie vasa deferentia (Grobben). The sperm from one side 
may be carried in a single spermatophore, as in many Brachyiira. 
etc. In the crayfish {Astacu^) the secretion hardens on coming 
in contact with water into the chalky white substance which 
may often be found on the under surface of the female. 

The spermatozoa have long been recognized as exceptional 
ill that tliey arc without a vibratile flagellum, they are usually 
beset with tlirec or more diverging processes, and they are deprived 
of tlie power of independent locomotion. Light, has been ^.hrown 
on the function of tiie.se remarkable structures and the relation 
of tlicir parts to those of other spermatozoa, by Koltzoff (1. c.) 
who lias examined their development in particular cases. 



Fm. 322.—DccA|K>d nrKimatotoa. a, ii|>ermat^zoon oC Oaiathea iquamif^ra (&ftcr KoliiofT). 
/ hoad ; 2 neck, wiUi pn>cC5WA ; 3 capaulo ; c.a anterior centro^ome ; e.p and c.p // anterior 
and fK»Kt4*ri<ir divj^^lon oi fKiat/'rior c^ntrotioine. apennatotoon of Aitacus fiuriaiHis, 
aliifHiiitf the ca}Mulo sunk In tKa ht^ad. c, the aaine, ac«*Q from above, and moro highly 
ntagnlftcd (afU'r Groblieo). 


Fig. 322 a represents a sperniatozoon of the Anomuran 
aquamifera. It consists of (1) a large head (represented below 
in th«? figure), containing the nucleus ; (2) a neck, tlie constricted 
part at the base of the head, containing the anterior centrosome 
and produced into three long processes, wliich, though so rigid that 
they can support the spermatozoon as on a tripod, are capable of 
contraction, and at their tips at any rate arc highly adhesive ; 
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and (3) the capsule, corresponding to the region of the tail. 
The last contains the two parts of the posterior centrosomo 
which lie in the “ pars conjunctionis ” or basal region of the 
tail of an ordinary spermatozoon. The capsule consists of 
an outer “ chitinous envelope, an inner “ chitinous ” tube 
investing the second division of the posterior centrosoine, and of 
a substance between (partly dotted in Fig. 322 o), capable of 
swelling quickly in water. Tlie swelling leads to sudden in¬ 
version of tlie parts of tlie capsule, a result winch is accom¬ 
plished with “ explosive ” rapidity. 

Koltzoff finds tliat the spermatozoa, borne in a current of water, 
on coming in contact witli an egg adlicrc by the tip of one proccs.s, 
then by a second, and finally by all three. By a slitu tcning (d the 
processes the head is brouglit down to t-oucli the egg membrane, 
and then, propelled by the cxplo.sion of the capsule, the bead 
and the part of the neck containing tlic anterior controsome arc 
made to penetrate the membrane. This is regarded a.s the 
normal mode of fertilization. It should he stated Imwrvcr 
tliat the subsequent nuclear clmngcs have not been followcti. 

Koltzoff divides tlio spermatozoa of Decapods into amiamlha 
which are without diverging proccs.'.es and are found in tlie 
Natantia, and aennihina, found in the other groups, and 
provided with such processes. The latter are divided into 
ccpJtnlacantha in wliich the proce.sses spring from tlie region of 
tlie head (Bracliyura) and dcrncaniha * in wlueli tliey spring, 
as in GalatJu'a, from the neck. Finally the latter are again 
divided int^ fnct'i, in which the .several }>arts are arranged, as 
in Ctolathea (Ftg. 322 a), in a linear series, and conirarta in wliieh 
the capsule, with an intervening la^'or representing the neck is 
sunk into a depression of the head—the wliolc having, as in tlio 
case of the crayfisli, the shape of a sphere with diverging 
processes (Fig. 322 h and c).t 

The sexes are distinct in thcDccapoda, though sexual dimor- 
])hi8m is le.ss marked than in many groups of Crustacea. The 
males are more abundantly supplied with olfactory hairs than 

• tlio nock. 

t A'AHpermalozoa acanthina, dcraatntha, crccta thoRo of 

Hio I'ajiiiridae, (Jnlathoulea and flomarus (the lohstor), while tlie Lori«^ota, 
Thuhii^inidoa and t)io rrayfi-^h (.-I.'?^aciM, Fip. 322 b) have acenrding to 
Jiim spermatozoa ncantkitta, drracantha, coniracta —a <iifTer«'nco between the 
lobster and the crayfish whieJ* may raise a <loubt as to the far-reaching 
character of the distinction. 
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tlie females and arc also distingiiislied by the narrower shape of 
the abdomen (Fig. 314), as well as by the position of the open¬ 
ings of the vasa dcforcntia on the last thoracic segment, and, 
in the higher Decapods, by the modification of the first and 
second pleopods as copulatory organs. In the males of the 
Dracliyura the pleopods behind the second pair are absent in 
the adult. The remarkable effect on tlie gonads and secondary 
sexual ciiaracters of Decapods caused by parasitism are described 
on p. 415. 

In the Penaeidea the eggs are hatched at a very early stage, and 
the females of this group have not been found carrying their 
eggs. In all other Decapods the brocxl is carried by the female 
on certain pairs of pleopods, either beneath the outstretched 
abdomen, or between the bent abdomen and the thorax. The 
pleopods are longer than in the males, and fringed, especially 
tlie basal segments and the endopodites, with long hairs. The 
eggs are attached by a sticky secretion to the surfaces or hairs 
of the pleopods or to one another. The young of the fresh- 
\vater crayfish have hooked ends to the blades of the chelae, 
by which they cling without effort to tlie empty egg mem¬ 
branes or hairs of the mother. 

Tlie Penaeidae present peculiar structures which are apparently 
sexual in character. In Penaeus, Leucifer and l-iergeMes a lobe 
projects inwards from the base of the first pleopods of the male, 
and may unite with its fell(»w to form the 'petastna (or curtain) 
(Spence Bate). In the female Penacus two lobed structure.s 
have been found in connection with the 7th and 8th thoraeje 
sterna, in the middle line and projecting forwards. They con¬ 
stitute the thelycum of Spence Bate, Both this and the petasma 
are apparently variable in configuration and we have no direct 
information as to their functions.* The larval stages of 
Decapods are alluded to above (p. 448) and some of them are 
figured in tlio sequel. 

Section 1. Macruha Natantia. 

Body more or less compressed, abdomen well devclope<l. 
First abdominal segment not markedly smaller than the next. 

• Tfio author in infomied by Mr. W. T. Caiman, to whom ho is indebted 
for many valuable critieismB, that tho tbelycum ia nlmoat certain^' an 
external HfK>rinat)iecu. like tbat found in Camlarua and Homarua. 
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A long compressed rostrum is usually present. 1 irst antenna 
usually bears a stylocerite. Second antenna usually with a 





Fia.323.—lArvMofF«ia«M. (PronrCSsM, afterPrit* MOUor.) o. naaplios form from the 

dorul surface. 6, metaaaupllas stage seen from the leU side ; tooca . 

aod second antennao; OT ilxthandsewnth palm of appendages ( tot and swnd raaximpw/, 
Jlfdf niaodlbular palp of naupllua; If*' anterior maxillae; Mtf posterior maxillae , 3f*r. 
Uxf first and second maxilupoda; O eyes. 

large Bat scale (exopodite). Thoracic legs slender, abdominal 
legs powerful swimming appendages. 

Tribe 1. PENAEIDEA. 

Gillfl dendrobranchiate. The Ist abdominal segment not overlapped 
by the 2nd. Ist anterma tisually with a stylocerite. The 3rd and frequently 
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tho two precoding trunk-legs clielato. AlHlomon long. The larvae hatch 
either in tho nauplius (Penaeiw), n>otanauplius {Leticifer) or protozoaea 

*’^Fam^l.^*"l^naeidae. In most tho three anterior trunk-legs retein 
flagelliform oxopoditos (as in Schizopods). and an epip^ial plate, which 
is however usually without branchial filaments. They are chelate, 
and successively increasing in lengtli ; their ante|>enultimate Mgments 
lone. Tho branches of the gills boar multifid or arborescent subdivisions. 
Rostrum present : posterior part of aMomen dorsally cannate ; firs 
abdominal segment ovorlai>3 the second at tlie sides. Eye ^ ^ 

3-iointed ; mandibular palp broad, 2-jomted. Several Jurassic genera 
tBoas). Penacus Fab., flagella of Ist antennae sliortor than carapace . 
P caramoU (Risso) Mediterranean, occasionally British. P. tscuUntx^ 
Hasw., tho edible prawn in Sydney. N.S.W. Ptrxacov^ bp. B. 
SoUnoc^ra Lucas, Ist antennae modified to conduct the efferent 
respiratory water. Para.oUnoc.ra W.-M. and A. ; Hyme.wptru.cus 
Smith- Haliporus, ArUmesia and Philonicus Sp. B. ; Paraperweus 
Smith; Mct^cruitus W.-M. and A. Sicyor^ia M Edw.. exopodites 
of trunk-legs absent; littoral. Tho 6 genera Duv., with 

braiicliiato epipoditos to the 2nd-6th thoracic legs, Arxslacopsxs and 
ArisUitomorpha W.-M. and A., Hemipenacus and Hepomodus Sp. B.. and 
li^nthcsicyJLs Sp. B., inhabit tho deep sea. Gcnrxadcw Sp. B . also from 
the deep sea with supplementary lens U, tho oyo. A genus descrdicd ^ 
Peleinura by Si>enco Bate has exopodito of dth abd.-api>endage immenselj 

*^*'Her<!^may bo mentioned a remarkable form—Cryptoptw Lat. ( = 

lasms Gray) a txilagic Crustacean. 8 nun. long, which has l^n obtain-xl 
from tho stomachs of fishes (bonito and " dolplun ” (Coryp/ioena)). Iho 
carapace is inflated and iU sides nearly moot ventrally. Seven biramons 
thorLic logs ore present, bearing at their bases simplo or coniiiomul 
phyllobranchiato gills. Tho nauplius stage is apparently p^d before 
tho young escape from tho eggs, which are attached to the thoracic Ic 

and BholU*rod in tho carapace. . , . , 

Fam 2. Ssrgestldae. With elongated bodies and slender limbs. 

Mandibular palp 2-jointed. 2nd and 3rd maxilliiieds iiediform. Tho 
trunk-loitB have lost their exopoditea, tho epipodiU-s are also absent and 
the 4th and Cth are reduced or absent. GilU wlion present, reduced 
in number, with simplo lamellar subdivisions of the branches of the mam 
axis. Chelae of tho trunk-legs minute. First abdoramol appendages of 
male modified as copulatory organ. SeryesUs M. Edw. Two posterior 
pairs of trunk-legs reduced. Flagellum of 2nd antermoe very long. Arthro 
branchiae absent. Stages in the remarkable metamorphosis known as 
Elaphocaris (protozoaea and zooea), Acanthosoma (mysis stage) and 
Mastigopus. Many spp. pelagic, and widely distributed, but one found 
bv ciraham Kerr, on the Rio Parana, S. Am., several hundred miles 
from tho sea. M. Edw. A. iruHcus M. Edw. I^st trunk-legs 0, 

4th reduced. Mouth of tho Ganges. Petalidium Sp. B., orthrobranchiae 
on 6 pairs of anterior thoracic legs. Leuci/er M. Edw. Cephalic region 
and eye-stalks much elongated, and thoracic region very short. 4th and 
6th trunk-legs 0. GilU 0. Phosphorescent. Young hatched m mota- 
nauplius stage. The motamorphosU through protozoaea (ErtcAMina), 
zoaea, mysis, and mastigopus stages has been followed by Brooks (Fig. 
324). 
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Amphicn. The singular pelagic fonns referred to this genua l\avo a 
transparent flattened carapace, and elongated tlioracic Bp{>endagc8, recalling 
the Phyllosoma larvae of the Loricata (cf. p. 535), though they differ from 



Flo. 324.—Prot*» 2 oaeacaod Z<)acalarva of Leucife}. A, flret protozoaca stase ; ^»^^^***lf* 
of th»' ; C» Bccoud zuaxllla of the same ; i>, later protozoaea stage (Bricni^na) ♦ 

B zoaca stago ; a' first aatenoa; a" second antcmia ; ab^ uropods ; en endopodite; 
fx oxopodito ; h heart; t hepatic nntgrowtlis ; md roandible ; m/** 

and tU&d raaxilUpe^ ; mp'" Uiinlthoradceogment; mx' first maxilla ; mx'* second maxilla ; 
O paired eye ; oc naupHos eye ; of upper Up ; e rostnicn i lA'—th^ rudiments of the first to 
the fourth trunkdogs; f'-f* the sepnents carrying Uiem ; the six abdominal segments. 
(From Korschoit and Beider,Brooks.) 

them in the absence of a constriction in the ccphalo-thorax. The first 
thoracic limbs oro maxillipeds and grouped with tho oral appendages, apart 
from the other thoracic legs. Tho latter are elongated biramous struc¬ 
tures; but the lest (8th) is small and rudimentarj’ in A. 
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absent in A. provocalorifi. The iiropods form with the telson a powerful 
tail fin, but the other abdominal api>endage8 are nidimentary or absent. 
The gills are phyllobranchiato. A zoaca form of Amphion is known, but 
it is not certain, notwithstanding the presence of ovaries, and indications 
of testes in the most fully developed oxoinples known, whether they have 
attained the adult structure. 

Tribe 2. STENOPIDEA. 

Gills numerous and trichobranchiato. First abdominal segment not 
overlapped by second. 1st antenna without styloccrite. Mandible 
undivided, w'ith « palp. First maxillipcd without the chararteristic lol>© 
of the Caridca. Swimmerets not coupled. 

Fain. 1. Stenopidae. Body robust, flagella of antennae long. Ant. 2 
lias a largo scale. Mandibular palp 2-jointcd. 3rd maxilliped podiforni. 
7-segmont«'d, with a slender oxopodito. Trunk-legs uniramous but with 
epipodiul plates, the 3 anterior pairs eholate, increasing in length and thick- 
ncB-s from befon* backwurd.s. Branchiae trichobianchiaU*. 

'J'ho larva <jf Stmopun is hntvhcil in (he protozouea stage anti in tlio 
course of the nictamori>hoRis the 4th and 5th trunk-legs are r^uced 
(comparo Sorgestidae) and then grow again. SUnopus Lat., 5. hUpuiuJi 
Inti. Ocean ; Spontjicota do Haan, S. vcnusla inhabits EuplecUlta and 
otlier sponges. ApharcuM I’avil.son. 

Tribe 3. CARIDEA (Eucypbidea Ortm.). 

1st antenna with styloceritu. First nm:<illi|K*d with a cbaractoristle 
lebti t)n tbo outer bor<l< r of tbo e.xopudilo and lerminul segments of its 
rndopotiito gcnt-rally cxptnul< tl or tlislortcd. Gills phyllobrani biato. 
The first and secontl trunk-l-'gs often, the others never cholato. 'I'li.' 
second abtloininal segment over laps its ncigldxjurs laterally ; the endoi)odut‘s 
of the swimmerets couplt'tl to tbt.'ir follows ljy apix'-iulieos intornao. 'l lie 
lar\»i is usmdly hatched as a zotvea in uhieh all throo pai.-s of inaxilli|>eds 
are i>resent as biramous swimming a[>jK*ritlugc.s (Fig. 325). A mysis stage 
frequently follows. 

j-'arn. 1. Pasiphaelda©. Laterally comi>rcSHed. with largo alxloinen ; 
rostrum small or b. Trunk-legs with oxopodites, threo postorior pairs 
reduoetl. Mo.lerato depths to tlctip water. Pgalhyrocurui W.-M. ; Paeiph- 
aca Sav. 2n«l ainl 3rd maxilliiK-ds jsMlift.rm. P. eivado (Riss.) British. 
/». pritu:ej>JtS. I. Smith. 9 in. Atlantic. Lcptochfla Stimps. The genera 
Parap<u>iphaf. S. I. Smith. OrphaniaSp. B. ; and Phye W.-M. and A. are 
dcK^P'Hc^ii riijH. 

Fuin. 'Z. Bresiliidae. Kontruin well dovolopcd ; only tho l8t and 2nd 
trunk4o(4K wiili exopoclitoH. Tenninul Hcgmonts of 2tid niaxillipcHl not 
uxpandofl or dintoriod. HreMitui Coalman. Doep waUar^ West of Ireland. 

Fani. 3. Acan(h6phyridaa« Laterally cornprosAod and dorHally car* 
inate ; ro8iruin proininent^ laterally comproaacd ; ntandibiilar pulp 
2-3 jointe<l ; trunk with exoi>oditefl and ro<luoed opipoditeA. 

fif9i(heocaris Sp. 13. ; Acanth'-phyra A. M. £klw. from the eurfaoo to 
3,0(>0 faths.^ Honio phoHph^ircm*eiit ; SyaUUuspis Sp. B. ; HoplophoruB M. 
Kdw. Hcale of 2ncl anU*nna largo» capable of )>oing fixod^ as an offenBivo 
wcafK>n ; NoUj9(omus A. M. Edw. ; Ephyrina 8rn. TropiocarU Rp. B.) t 
IIym97U}dora Hars ; Nemalocarcinus A. M. K<lw. with tho 4{>o8torir)r trunk'* 
logB irninenaely olongatod^ deep water. 

Fam» 4. Atyldaa. Mandibloe without paipe ; 3rd maxillipoda f)ediform» 
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4 -iomted: lat and 2nd trunk-legs with highly mobUe chelae having 
siion-ehaped tips beset with brushes of long setae, the c^al se^ents 
and^rosMntic; reduced epipodites on 4 
exoDodites on trunk-legs in the first three genera. Many closely related 
species distributed in fresh-water lakes in (^erent parts of 
8^e in oceanic islands. Troglocarts Dormitzer, m caves m Connth a. 

Xiphocaris v. Marts. W. Indies to Queen^nd ; 

S. Eur. ; Caridina M.-E. some 20 spp. Indo-Mala^Afnca. ^d W. Ind. 
Atyoida Randall; Atya Leach, some 6 spp. scatter^ roimd the world m 
tropics ; Umnocaridina Calm. Lake Tanganyika, 

Fam. 5. Styiottaciyuaas p ^ terminating in 2-lobed divisions 

and the two anterior pairs of trunk-logs 
with long and tapering divisions of the 
chelae. Stylodactylus A. M.-E. 4 spp. 
ranging down to 600 faths. Pac. and 
W. Ind. 

The five following families, grouped 
about the central Hippolytidae usually 
have the carpus of the 2nd trunk-logs 
multiarticulate (os also have the Pro- 
cessidae. see below), except Rhyncho- 
cinetidae and some others. 

Faro. 0. Alpheidae. Rostrum small, 
eye stalks covered by the edge of the 
carapace. Mandible with a 1-2-jointed 
palp. First trunk-legs with robust 
unsymmetrical chelae, with which some 
species moke a peculiar snapping noise ; 
second with minute chelae ; the 4 an¬ 
terior pairs bear rounded opipodites. 
Alpheiu Fab. widely distributed, A. 
comatularum Hasw. associated with a 
Comatulid which it resembles in colour. 
A. rwfcer M. Edw. British and Mediter¬ 
ranean. Al?ianae Leach, A. nitewena 
Leach, British. Alope White. 

Fom. 7. PssHdopodidae. Ist trunk- 
legs, with both blades of the chelae 
movable, 2nd not' chelate. Body beset 
with strong spines. Pso/idopus W.-M. 
and A. 2 spp. Indian Ocean, 400-600 
fthms., with rudimentary eyes. 

Fam. 8. Pandalldae. Rostrum long; palp of mandible 2-3-jointed; 
1st trank-legs not chelate and only 6-jointed ; the chelate 2nd pair some¬ 
times unequal. Pandalus Leach, 4 British spp. ; littoral and deep sea. 
(Doubtful genera Heteroc-arpus and Chlorolocus A. M.-E. ; Nothocarta, 
Pandalopaia and Dorodotea Sp. B.) Thalaaeocaria Stimpe. carpus of 2nd 
trunk-legs unjointed, powerful chelae. 2 spp. Trop. Pac. {Diaphoropua, 
Kyptocaria and others of Spence Bate’s genera ore larval forms.) 

Fam. 9. Hippolytidae. Rostrum largo, eyes prominent, mandibular 
palp present or 0 ; Ist trunk-legs chelate, short and robust, the 2nd 
chelate but more slander, its carpus subdivided into 2-very many joints. 



Fin. 825.—2oaca of UippolyU. 
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Mr 


Air'f Af;'" first, second and third 
maxllllpoda ; first, Afx'* second 

maxilla. (Aitcr Claus.) 
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according to the niunber of which the family is subdivided as follows : 
(o) 2 joints. Caridion Goes, Ear. (6) few jointed. FirWu* and Ogy^ 
Stimpson, with long slender eye stalks, 3 spp. E. Asia and W. Indies. 
Purocaria Heller. 1 ep. Amboyna. Cephalo-thorax and the 3 ant. fused 
abdominal segments expemded into lateral wings, (c) 7-niany jointed. 
Htppofyle Leach, many spp. widely distributed over the world. H.varia^ 
Leach, British, common in tidal pools, has the power of changing its 
colour according to its surroundings (p. 444). Spirontocans, MerhippolyU, 
Choriamua, MtUiirua of Sp. B., Soron Thallwitz, and EtUkirocaria de 
Man. Nauticaria Sp. B. ; PlcUyhtma Sp. B. ; Concordia Kingsley; 
LatreuUa Stimpa. ; Tozcuma Stimpe. ; LyanuUa Riss. CryptochaUa and 
Bythocaria, frbm great depths, the young being hatched with the full 
number of appendages, were described by G. O. Sara, but are regarded 
as doubtful genera by Ortmann. 

Fam. 10. Rhynchocinetidae. Closely allied to HippolyU but the 
rostrum is articulated with the carapace, and the 2nd trunk-leg has the 
carpus not articulated. Rhynchoc\netea M. Edw. 

The two following families form an ofl-ahoot from the Hippolytidac, 
characterized by having the blade of the mandible divided, the two 
anterior pairs of trunk-legs chelato, the second larger than the first, and 
the carpus not articulated, no epipoditea on the trunk-legs, and the first 
antennae often S ramous. 

Farn. 11. Pontonlldae. Rostrum broad at base; lat antenna split 
at the tip ; palp of mandible usually 0, 3rd maxiUiped pediform, broad 
at the base (opercular) ; 2nd trunk-legs unequal, one very large in male. 
Littoral forms, often half porasitic. (o) mandible without palp. Pontomo 
Latroillo. P. citatoa Forsk. lives between the valves of the shell of Pinna ; 
P. meUayriruie (Pot.) in the Pearl Oyster. Typton Costa. T. apongicola 
Costa, lives in sponges ; British. Anchiatia Bans, A. lacuatria v. Mart, 
froah-water, Italy. CoraUiocaria Stimpson, Ind. Pac. (6) Rostrum <»m- 
pressed ; 1st antenna expanded into a flattened lobe ; 3rd maxilliped 
with loaf-liko flattened joints, mandible with palp. Hymcnocara Latreillo, 

Ind. Pac. j I , 

Fam. 12. Palasmonldae. Rostrum largo, coropressod, serrated; iat 

antennae with 3 flagella ; palp of mandible usually present; 3rd maxilli- 
p<Mi log-liko. Lcandtr Dosm. {Palaemon Fabr. pars). L. aerratua (Fabr.) 
the prawn of the markets. Palaemon Fabr. pars, 2nd trunk-logs much 
elongated, especially in the male, tropical fresh-waters. P. heUrochirua 
Wicgtnan. of Mexico, 2 feet long including the logs. P. potivna hatches 
with the a|)|>endagos of the adult, except the uropods (Fr. Muller). 
Palaemonella Dana. PalaemonUa Keller. P.variana (Leach). Fresh mid 
salt water. It has boon found that while N. European forms of this specioe, 
living in the sea end brackish water, hatch in the usual zoaoa form 
(Boas), S. European specimens inhabiting streams have, at hatching, all 
the appendages except the uropods, and only the two anterior pairs of 
trunk-legs boar exopoditoe (P.- Mayer), the metamorphosis of the fresh¬ 
water form l>eing abbreviated: 

Tlio 3 following families form an offset from the Hippolytidao in anothor 
direction, characterized by having the blade of the mandible simple, and 
its palp absent, the inner lobes of the 2nd maxilla much reduced, and no 
epipoditea on the trunk-legs. 

Fam. 13. ProeesildM (eKiUdM). Rostrum flattened above; 3rd 
maxillipeds slender; 1st trunk-legs eltlier chelate on one side only (Proefsaa), 
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or subchelate on both sides {Glyphocrnngon) ; 2nd pair minutely chelate 
with a many-jointed carpus. Procesaa J>each ( = Nika Risso) a few littoral 
old world spp. Olyphocrangon A. M.-Edw. O. rimapes Sp. B. with large 
eyes, 1,715 faths. 

FSkra. 14. Crangonidae. Rostrum short and flat, 3rd maxillipeds 
slender ; Ist trunk-legs strong and suboholate, the 2nd and 3rd slender 
and reduced. Crangon'F&h. C. vu^orts L.. the common shrimp. Sandy 
shores of N. Hemisphere, resembling in colour the sand in whicli they 
bury themselves. Nectocranyon Brandt; Pontop?tilu3 Leach ; Pontocaris 
Sp. B.; Sabinea Owen, Arctic Ocean. Prionocrangon W.-M. and A. : 
Paraerangon Dana, 2nd trunk-legs obsolete. In Sclerocrnngon Sars (iS. 
boreas) Sars found thot the young are hatched in the adult form. 

Fam. 15. Goathophyllldae. Rostrum compressed ; 3rd maxillipeds 
very broad and foliaceous ; first trunk-legs chelate, smaller than 2nd. 
Onathophyllum Latreille, 5 spp. Q. elegat\s Mediterranean. 


Section 2, Macruka Reptantia. 

Body not laterally compressed ; abdomen well developed, the 
first segment smaller than that which follows it, its pleura 
clipping the carapace. Tail fin broad. Scale of second antenna 
rarely flat, often spine-liko, or absent, Tl\e and third pairs 
of trunk-legs, chelate or Kirnple. The legs of the last th«)racic 
segment do not differ greatly from tlie others, and its sternum 
is rarely free, 

Tlie first and second families agrw in the following charaeU^rs. 
Ptorygostomial regioiiB of tho cara|>u<i^ fusiHl in fmnt with tlio 
opidtoiuo. Rustriiin small or wanting (ox4*o|)t PalinurrlluM)^ Inner lobes 
of 2nd maxilla and 1st rediuvd. Ana|»|KMidix interna on some 

of the abdominal legs, at leiist in the female, but tho oxo{K>diU3 of the 
ast pair is without a distinct suture. 

Fani. I. Eryonldse* Carapac*o clipiHxl by tho 1st alxloniinal sc^ginont 
nlono. First joint of 2nd nntonnu not fus4Hl with the o|>Ut4>nHu and a 
BcalodiUe oxo(x:idite is present. Vnbrancheil 4>n ist abdominal 

Bogment. Tail fin without sutures. Tolson |K>ijiteil. (.'arapaw dnproaaeii 
with n lateral ridge of spines eniling in front in a largo fiir\%’ard-|K>inting 
epino on tho outer side of tho empty orbit. Trunk-lt‘gs all elielate (extx'pt 
in inalu of Polychcl^)^ tho first Dix^p-soa forms, blind or nearly 

BO» found living on Cjlobigerina ; allied to Erytjn a fossil of the Lias 

and tho Lithographic Stone of Bavaria (Upper Oolite). PolychtUs Holler 
( =s PtnUicheU-6 and Stercofiioatis S|>. l^ate) ; \Villetnoc.'fia (iroto. 

Fain. 2. ScyUarldao (=: Loricata). ('arapa<s* grip|H*d Ix^tweon a lobo 
on tho Ist abdominal segment and a knob on the side of tlic^ last thoracic 
Aogmciit; first joint of 2nd antenna fuso<l with ojustomo, and tho appendtxgo 
bears no scale. None of the trunkdegs much lunger than the rest, and 
none cholate except thu first pair in sumo ciist>s, and the last in the fomaK^. 
No lugs on 1st abdominal segment. Tail fm with indistinct sutures. 
Robust heavily-armoured forms ranging from shallow water to a doptli 
of several fathoms. Tho larva undargoca a reinarkablo metamorphosis, 
being hatched os a flatteaod leaf^Uke creature, as clear os gloss, known as 
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Phyllosoma^ Tho 3 
foremost pairs of 
trunk-legs are de¬ 
veloped, and bira- 
mous (Fig. 320). It 

corresponds with the 
early mysia stage of 
other forms. 

S u b-f a m. !• 


Scyllarlnae* On 
sandy bottoms. 


Body depressed; 


2nd antenna a 


broad plate 
without flagoU 


I u m. Orbits 


complete. ScyU 
UxTHs Fab. ros¬ 


trum prominent 
and c o p h a 1 o- 
thurax longer 
than broad. 



FiO. 320 .—PhjfUcioma larva of Paiinuru^. a d abdomen; L 
Uver; II second, III third inaxilhped ; IV.-V1 the Orst throe 
ambulatory legs. (From Korschclt and Beider, alter Claus). 


S. loins Let. ; Thenus Leach, rostrum bilobed, cephalo-thorax 
broader than long, orbits at antero-latoral angles. T. orienUxlis 
Fab. Ibacxis Leach, cophalo*thorax much broader than long, orbits 
near the middle line. Widely distribute<! in warm littoral waters. 
Arcius Dana, rostrum very short, and 2nd antonnao remote from 
one another. A. ursns Dana, British Isles to Australia and Japan. 

8ub«fam. 2. Pallnurloae* On rocky bottoms. Body sub- 
cylindrical, and ontennae with a long flagellum. Orbits incomplete. 
Palinurus Fab. with a small rostral spine, and short flagella to lat 
antennae. P, vulQoris^ Lot., tho Rock Lobster, French langusU^ 
cofists of Europe. Stridulating organ, on base of 2nd antennae, 
produces a squeaking sound. Jasus T. J. Parker {Palinostius Sp. B.) 
roHtnirn short. 6. Hemisphere. lAnuparis Wliite, from Japan. 
Panulirus White, rostrum very small, flagella of Ist antennae long, 
the region bearing these appendages produced in front of the frontal 
margin; stridulating organ as in Pofmurus. PalinureUus von 
Martens, rostrum covering tho bases of tho oye*8talks and antennae. 

Fain. 3. Nepbropsldas. Carapace free from the opiatome. Rostrum 
of good size. Inner lobes of 2nd maxillae and Ist maxilli|>eds not 
roduood. No appendix interna. The oxopodite of the last abdominal 
limb divided by a suture Body eubcylindrical. Carapace gripped by 
tho 1st abdominal segment only. 1st joint of second antenna free. A 
scalo-liko exopodite is present. Tliroc foremost trunk-logs chelate ; tho 
first pair longest. Toleon firm, squared, often sutured. 

Sub'fam. I. Nephfopsloae* Carapace subcylindrical, with ros¬ 
trum ; sternum of last thoracic segment ankylosod with seventh ; 
2nd-fltli thoracic logs carry simple epipodial plates with branchial fila¬ 
ments springing only from their bases. Exopodite of uropod with a 
transverse suture, tfephrops Leach. AT. norwegicus (L.), Norway 
lol>9ter, also Bnt^h. Branchia of opipodite of 2nd maxilli|>ed small 
or absent. Eunephrops 8. L Smith ; Homarns xndgaris M. Edw, 
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^gtocus ffommorus L-)» tho lobster. tf. atn^Ktettnus M. Edw., 
with 2 Bpinee on under side of rostrum. Phoberus A. M. Edw. ; 
Nephropsis W.-Mason, deep sea, with eyes reduced or 0 ; Enoplome- 


topua M. Edw. 



Flo. 327.—Young form (IatvsJoI the lobster In ruwls^Usc. 
A‘, .il"not«Qnso ; F" anterior smbalatory leg ; Kf’ tlilrd 
maxllUped ; Aroatnim. (Prom CUus, after O. O. Sara.) 


Sub-fam. 2. Tbaainss> 
tochellnae. A flattened 
rostrum; Ist trunk-legs 
chelate and unequal, 2nd 
chelate; gillsfllamentous. 
ThaumaatocheU* Wood- 
Mason. 2nd antenna with 
Bcaphocerite. T. zaleucua 
W.-Sulmt, has a right 1st 
chela with enormously 
elongated comb-like 
divisions, and is blind. 
Taken by the ChaUeiujcr 


from 450 fths. on Globigerina ooze. 

Sub-fam. 3. Potamobllnae. The freeh-water Crayfishes of the 
N. Hemisphere. Carapace and uropods as above, but with the last 
thoracic segment movable on its predecessor. The epipodial plate 
of the first maxilliped without a branchia, but those of the 2nd-7th 
thoracic feet with tliis plate plaited and bearing gill filaments on its 
outer surface. Abdominal feet small, but all usually present, the 2 
anterior pairs being modified in the male. Aatacua M. Edw. {Potam<A>ia 
Leach). Britain to Japan, and N. America west of Rocky M»a. The 
Crayfish of English streams, commonly called Astacua fluviatUia is, 
according to Faxon, A. pallipca Lereboullot. Camharua Erichson, 
pleurobranchia absent from last thoracic segment. The crayfishes of 
N. America, east of the Rocky Mte., including the blind C. ptllucidua 
(Tellkampf) of the Mammoth Cave of Kentucky. 

Sub-fam. 4. Parastaolnae. The fresh-water Crayfishes of S. 
Hemisphere. Epipoditea of thoracic limbs not produced into a 
laminsi, except the first in which it boars gill filaments. Swiromerete 
absent from the first abdominal eegmont. largo in the succeeding 
segments. AatacoideaGn^Tuiy Madagascar; Paraatacua Huxley, Brazil; 
Paranapkropa White, N. Zealand; Aatacopaia Huxley (including 
Chaaapa Ericlison) and Engaeua Erichson, Australia. 


Section 3. Anomura. 

A group near the border line between the Macrura and 
Brschyura with great variety of form. In many the carapace 
iti broad. The trunk-logs of the last pair are weak and not used in 
locomotion or for the prehension of food (Fig. 316, Th. 8). The 
sternum of the segment that bears them is free. The abdomen 
is usually bent under the thorax, and except in the Thalassinidea 
and Galatheidea, reduced. The 6th abdominal feet (uropods) 
are often brood and natatory in these two tribes. In the others 
they are reduced, and, in the Paguridea adapted for retaining 
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the animal in the shell it inhabits. They are on y “ 
Lithodidae. In the Anomura the anterior part of the ple.^ 
fold of the carapace (pterygostomial region) is diyded from the 
rest by a pleural suture, and projects freely m front, a notch, 
which receives the base of the 2nd antenna, 
the frontal border (Fig. 315). Rostrum not ‘’F » "^8® 

with the front of the epistome. Scaphocerite of 2nd antennae 
often present. Third maxiUipeds usually narrow. The larvae 
hatch ^n the zoaea form, with 2 pairs of maxilhpeiU (brachyuran 

character) and pass from this into a metazoaea «*«««■ “ 

the 3rd maxilliped is a functional swimming appendage but 

the trunk-limbs are not biramous (the mysis stage being almost 

obliterated from the life-history). , , * 

The differentiating characters of the tribes of the Anomura 

are ffiven bv Borradaile as follows. 

I End-segments of 2nd^th trunk-legs curved and 

1st 'pair styUform or sub-chelate. Tail fin not adapted for 
swimming. Abdomen bent under thorax. Rostrum smaU or 
wanting. 3rd maxillipeds without mastigobranchs. Hip^ea. 

II End-segments of 2nd-4th trunk-legs not curved or 
flattened. 1st pair not styUform, rarely sub-chelate. 

1 6th abdominal leg adapted for swimming (except in 
Thalassina, where it is styliform). Abdomen symmetrical 

with the pleura usually well developed. 

a. Body depressed. A pleurobranch to the last trunk- 
leg. Often a transverse suture on the telson. Abdomen 
more or less bent under the thorax. Oalatheidae. 

b. Body compressed. No pleurobranch to the 
lost leg. No transverse suture on telson. Abdomen 
straight. Thalassxnidea. 

2. 6th abdominal limb, when present, adapted for holding 
the body in a shell or other covering, not for swimming. 
Abdomen nearly always asymmetrical, soft and twisted, or 
bent under the thorax. Paguridta. 


Tribe 1. THALASSINIDBA 

CrustaMa of moderate aize, burrowing In sand and mud, at various 
dentil*, from the aea level to 600 lath*. The laet thoracic Beg^nt fm 
and articulated with the preceding and often not covered by the hinder 
margin of the carapaoo. In all except the Axiii’ao a linea thalaaemica (cf. 
p, 614) Boparato* the median from the lateral region of the carapaoo. 
The sogmente of the long and often soft abdomen Bcarcoly imbricated and 
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with reduced pleura* Eye stalks short, 1st pair of trunk-legs powerful, 
ending in chelae of which one is larger than the other, 3rd pair never chelate, 
the last pair directed backwards ; uropods usually large* Branchiae often 
reduced in number, Blamentous, and in some cases, foliaceous* An 
appendix interna usually present on the abdominal endopoditos. The 
larvae hatch as roaeao (except Eiconaxius q.v*) and pass through a 
my^is stage»having, in accordance with the adult structure, an intermediate 
character between the zoaea larvae of the Caridea and the Anomura* 
Some superficial resemblances between the adults and the Stomatopoda 
arc interesting from the similarity in the mode of life of the two groups. 
They have been divided into four families, which are however closely 
related. These are difTerentiated as follows.^ 

L Fam. 1. AxUdae. No tinea thalaseinica. Both movable (scapho- 
cehte) and fixed thorns f of 2nd antennae present, though sometimes 
minute (7 0 in ScytoUptus). Abdominal pleura large* Axias Lead). 
Scaphocerite scale^ltke. A. eitrhynchus Leach. British and French 
coasts. In the sub-gen. Eiconojei^is^ from deep water in the Pacific, 
Spence Bate found that the young in the egg had all the limbs of the adult, 
except the first abdominal, the 3 last trunk-legs being biramous ; Axiopeis 
Bor. ; Calocarie Bell, last thoracic segment covered by the carapace, 
scaphocerite may be much reduced* Chelae not markedly unequal. 
Deep water forms. The eyes are developed, but the pigment is reduced 
or 0. C. mocandreae Bell, Great Britain, Ireland, Norway. The xoaea 
larva has well deveIo|x>d eyes, and 3 swimming maxiliipeds, as in Caridoa 
(G. O. Sara). Scytoleptue Gorst. 

II. Lxn^a thaloffeinica present (except Callianidea). Fixed antennal 
thf)rn wanting. Scaphocerite reduced to a flattened vestige or 0. Ab- 
duininai pleura usually small. 

(1) Fain. 2. LaomedUdae. Sutures on both ondopodite and exopodite 
of uropodA. Abdominal pleura of good size. Laomedia de Haan ; 
Jcixea Nardo ; Nauehonia Kingsley. 

(2) No BUture.s on the last limb. Abdominal pleura small* 

(а) Fam. 3. Calllanassldae* Cara]>aco laterally compressed; rostrum 
minute or 0. Scaphocerite vestigial. Second trunk-leg chelate or simple. 
Gillj^ filamentous. No podobranchs on trunk-legs ; abdom. legs 3-0 
broad, uropoda without siituro. Callianaesa Loach, swimmerets 3-5 
broad and largo* Some 18 spp- G. aubterranea (Montagu), Britisli. 
Otypturue Stiirips. Callianidea M. Edw. swimmerets 2-5 very largo and 
fringed witl) silky, articulated hairs. Western Pacific. Upoyebia Leach 
{(febia A net.)* Ist trtmk-legs si)l>ec|ual and subchelate, swimmerets 2-6 
large. [/. sUlUua (Montagu), 8. IX>von, V. liUoralie Ria^o, Mediterranean 
untl Norway. Dovclopincnt studicnl }>y Surs who finds that the 3rd 
maxillipcd is not prt'sent as a swimming ap{>endago in the roaea stage. 
iSebicula Ale. ; Bigta Nardo. 

(б) Fiiiii. 4. Thalassinidse* Carapace dorsally flattened, with rostrum ; 
sraphoconte 0 ; Ist and 2nd trunk-legs subch•'late ; abdominal api>cndag©8 
iiH'luding uropods slender ; branchiae filamentous and foliaccous ; podo* 
bruiu h.'^ (U) trunk-lcgB I-3. ThaUxssifxa Latr. T* ecorpionoidcs Latr. 
Pacific, 9 in. long. 

* Cf. Ilorradaile, (Uassifioation of Thalassinidoa* A. and 3/. N. H.f 7, 
vol 12 (I9U3), p. 634. 

f The /Lre'i thorn is an external process from the 2Dd segment of the 
antenna. 
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Tribe 2. PAGURIDEA. 

The great majority of the hermit or Boldier crabs and their allies are 
chekracterized by the possession of a soft and spirally twisted abdomen, 
which is protected by a Gasteropod shell or some other covering. With 
the spiral form of the abdomen is associated a loss of bilateral symmetry 
(the 2nd-5th appendages of the right, or concave side being aborted) 
like that which has befallen the Gasterctpods whose shells these Crustacea 
inhabit. The carapace is elongated, becoming membranous behind the 
cervical groove. The sternal plastra are linear. Antenna 2 with a thom- 
like scaphocerito (“ acicle ”). 1st trunk-legs with large unequal chelae, 
one (or ^th) of which acts as an operculum when the animal is withdrawn 
into its shell. The hindmost pairs short, warted, and, like the uropods, 
alapted for holding on to the interior of the shell. Gills phyllobranchiao 
or trichobran- 
chiae. The eggs 
are liatchod as 
zoaea larvae. 

After the adult 
form is reachod 
the shell in 
which the pos¬ 
terior region is 
sheltered is, of 
course, repeat¬ 
edly changed to 
accommodate 
the growing 
body. 

With the 
typical unsyrn- 
motrical h o r - 
mit-crabs are 
associated the 
Pylochol I d ao, 
sym metrical 
forms which in¬ 
habit hollows in 
stonoe, w.orm 
tubes, sponges, 

etc., in deep PJO. 328 .—^upa(M<rtM (Pa^nit)t»niAafiM(trom Claua, afUr Cuvier), 
water, the ro- 

m^rkublu air-breathing Birgits latro, a Pagurid adapted to terrestrial life, 
and tlio Lithodidae which opirear to have once acquired and since aban¬ 
doned ilie pagurid habit. 

Fam. 1. PyloehsUdM. Al>domon symmetrical, with normal terga. 
Gills trichobranchiae. Two iHisterior trunk-logs modified as indicated 
above. Deep water. Pylochelett and Mixtopagurus A. M.-E. and Chiro- 
platea 8|>. II. which is blind. PylocheUs Agassizii A. M.-E. was obtained 
by the lilakt at 200 fatlis. off Harbados, in hollows in agglutinated (and. 
P. 0pinoaus Henderson. ChaiUnger. 160 faths. Australia. 

Fam. 2. PagurldM. 2nd antenna with a well developed spine in 
place of the scale (Fig. 328). 

Sub-fam. 1. EupagurlOM. 3rd inaxilUpeds separated at their basas. 
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Parapagurua and Sympagurtta 8. J. Smith, deep sea. Parapagurua is 
said to have the opening of the oviduct on the left aide only. P. 
dbyaaorum A. M.-E. below 1,000 faths. in the groat oceans. It at first 
inhabite a shell (that of the pelagic lanthina^ or littoral shells are 
which is subsequently absorbed by an anemone (? Epizoanihua) which 
settles on it, and forms a covering which grows with the growth of 
the Pagurid. Eupagurua Brandt, many species, mainly littoral. E. 
pridtauxii Leach, associated with the sea-anemone Adamna paUtata. 
which lives on the outside of the shell inhabited by the Pagund. 
Nematopagunta A. M.-E and Bouv. Spiropagurtta Stpe. Anapagurua, 

Hend. , ^ * 1 . • 

Sub-fam. 2. Pagurlnae. 3rd maxillipeds approximated at their 

bases. Pagurua Fabr. In tropical seas. Pttrochirua Stps. ; Calc%nua^ 

Clibanarixtay Diogenea and Paguriatea Dana. A form named Xytepo- 

gurua A. M.-Edw., 100-200 faths., W. Indies, inhabits cylmdn^l 

pieces of wood, the end of the abdomen modified into a posterior 

operculum. . * . ♦ 

Fara. 3. Csnobitidae. 1st antennae with elongated and twice bent 

basal segmenU, and one of the flagella enlarged ; 2nd compressed at the 

base. Gills foliaceous. Cenobtto Latr., abdomen soft, unsyrometncal, with 

2nd-4th appendages of left side in female, 0 in male ; paired 0th appen^go, 
larger on left side, in both sexes. Semi-terrestrial hermit-crate. Tliey 
wear Gastropod shells, and some species (the large red C. perlalua and 
C. rugoaua) are able to produce a “low chirping sound ’’ (Borradailo). 
The species are widely distributed in the Indo-pacific region. B\rgM 
Leach. B, latro (L.) an air-breathing Pagurid of largo size sheltering m 
holes and fissures in the ground. Carapace completely calcified ; abdomen 
symmetrical, broad, with calcified tergal plaU«, its apiiendages as m 
Cenobita. First trunk-legs bear very powerful chelae, the fourth small chelae. 
The postoro-latoral regions of the carapace are expended into largo pul¬ 
monary chambers (Fig. 329), of which the 14 pairs of reduced gills occu^ 
a small part. The upper and outer lining of the chambers is produc^ 
into ramified voscular tufte, abundantly supplied with blood-vessels, 
the efferent vessels falling into the branchial vein before it enters tne 
pericardial sinus.* The surface is kept moist with sea-water which the 
animals repair to the shore to renew'. They feed, among other suteton^, 
on the “meat” of the cocoa-nut t (they are honco known as robber 
crate) and carry a rich store of oil in the abdomen. Btrgua iairo w 
probably to be regarded os a Pagurid whoso ancestors were marme and 

wore shells, but which has taken to a terrestrial life. 

The statement that the young of Btrgua iairo are hatched with the same 
form as the parents has been shown to bo incorrect. Like those of other 
Pagurids they hatch os zooea larvae. A female of this species was ob¬ 
served by Dr. A. Willov, at Lifu, in the Loyalty Islands, at the edge of the 
sea with the abdomen covered with jiut hatched zoaeas which were being 
wo^ed off to start their Ireo-swimroing larval life- The soaea larvae ol 

Oenobila have also been observed, by Bormdaile.J__ 


• Semper, Animal Life, 3rd edition, p. 193. 

\ B^i^Tl^'o/thryo^rof the Rebber-Creb {Birgu. la^). 

V. p^85. Catnb^ Umv. 

Note on the Hatching-stage of the Pagurme Land-oraba. Proc. ZooL 
Soe., IS99, p. 937. 
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Fam. 4. LUhodidaa* Carapace broadly ovate, uneven, with prominent 
rostrum ; tst antennae with cylindrical peduncles and 2 short flagella ; 
2nd with an acicle ; Ist trunk-legs chelate, 6th slender, chelate, folded in 
the bran e hi a I 
chambers. Ab** 
domen bent 
under thorax, 
without u r o - 
l) 0 (l.s, 3-5 terga 
represented by 
paired la t o r a I 
plates, with the 
a p p c ri d a g e s 
only pro>oiit in 
the fetnalo, and 
ut»8 y in in o t r i* 

(•ally <lovolof>od. 

Inhabit shallow 
wiit<>r of the 
arrlic or ant¬ 
arctic folios, and 
t ho itit4*rriicdiato 

cold, deep water in tein|K*rato and tropical regions, though some are 
litlorjib They avt'> rcganltMl as dcrivc'd from tho PHguri<l stock, leaving 
partially regained their bilateral Ryinim‘tr 3 ', and acquired a crabdiko 
apiK'araiHO. Tho larva of Lifhoflni hutches in inctnzoaoa form. 

Siih-fiuu. I. Hapalogaslrlnae Hupulogustrica Brandt). Hapalo^ 
ijfiMtcr and />rraia/aruv9 Brandt ; Placctron Schalfew. 

8ub-fam. 2. Ostracogsstrinae. Phyllolithofles Brandt; NcoUthodcs 
M.-K. and Boon*. ; I^arulilhodeti Brandt ; Ltthodcs Latr., robust and 
i*ovcrc<l willi spiiu'K, Stmic s|»i>. British. Wulcly distributed in iloep 
water, urul littoral. ArmkthoHdiun Stps. ; Parnloinui White ; Hhino^ 
liihodi:8 BruJidt ; ICchidnoarns Wliito ; Cryplolilhodca Brandt, 


Fig. 320.— tatru. DU^craaimAtlc iransven^e section In tho 
region oi the heart. Qi^Hi pulnvmary or vexseL^ leading from 
the lioort ; ah respiratory cIiaiuIht ; fk branchial bl<HHi-c«uiaU lead¬ 
ing Ui the heart; cl piiliin*iiary ve.^cscb leading to tho heart ; e\ tiio 
stainc near the entraucc into tho pericardioni ; A heart ; k br^u* 
4;hiao ; ktl hrunchhHtcgib' ; /A respiratory tuftd ; p ix*ricArdiGfi». 
(From l/aig, after Semper.) 


Tribo 3. GALATHEIDEA. 

Body HyiiitiM>trM-ul, Uepn-Hsod. Abdonu'ii woll tlcvolopt'd usually 
voiitrally floxed, hut not, except in tho I’orccllunidao, appliiMl to tho 
htorntt of tho tliorax, with nropods. liostruin usually well dovoloped. 3rd 
inaxiUiiKMls 7-s«'j?incnted. loR-liko or with tlio hosal Hogmonts expanded. 
Tim Ut tnuik'logH alone carry rogiilur clioloo, the 5th slonder and folded 
in tho branchial chuniln'r. Gills usually phyllohrunchiate (tricho- 
brunchiuU) in Aftjlca). (;encTativo orifices on coxae. Aetjlea is the only 
fresh-water genus, lh(> others aro littoral or dct'p sea, 

Fuin. I, Aeglidao. Gills tri<-hobraiicliiato. Kight arthrohranchiuo 
and 3 rudimoiitury i.leurobrniu liioe. 2nd anteiinao without a scale. 
Aeglea LoavU. Tho solo up. /I, laevig Lat. in mountain streains in S. 
Aniorica. 

f*ani. 2. Chlrostylidas. Gills as in (ho remaining farnilies, i.o. phyllo. 
branchiate: 7 artlirohraiichim* and 4 plourohrunchiiuv Ant. 2 with 
spino-like scale. Chiroafylus Ortm., trouk-Ugs very long. Vroptychu 9 
liciicj. ; Eumunidn Kmith. 

Fsfii. 3. Gatatheldae, Rostrum well dovcluf>cd, triangular or spine- 
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like. Scale of 2nd antenna rudimentary or 0. Abdomen ventrally flexed, 
but not folded against the sternum. Littoral and d^p^a. 

Sub-fam. 1. Galstheinae. Eyes well developed. Exopodito of lat 
maxilUped ending in a flagellum. Qalathea Fabr. Eye-stalk httlo 
or not at aU widened distally, rostrum triangular. Thirty littoral 
spp., some British. Munida Leach. Eye-stalk widened distally. 
rostrum spine-Uke. Thirty spp. littoral to deep sea. M. RmdeUlt* 
(Fig. 316), British. Ist tnmk-legs very long. Pleuroncodea Stps. 

Sub-fam. 2. Munldopslnae. Eyes reduced. Exopodite of let 
maxilliped without a flagellum. Deep sea. Qalacantha A. ' 

Afunidopffw Whiteaves ; Oalathodet A. M.-E. ; ElasmOTWtits A. M.-E. 
Fam. 4. Porcellanldae. Rostrum short and broad or 0. Scale of 2nd 
antenna 0. Abdomen bent and applied to thorax as in Brachyura, but 
with a small swimming fan. Some 6 genera, all littoral; under stones 
between tide marks. Petrolisthes Stimps, ; PachycheltB Stimps. 11 spp. 
chiefly tropical. Porcellana Cephalo-thorax longer than broad; 

lar^’a with very long rostral and posterolateral spines. 20 or 30 spp. widely 
distributed. P. platychcUs (Pennant) and P. longicomxs (L.) common 
under etones round our ahorea, Megalobrachium Stps. and Poyonyx 
Stps. live a semi-porasitir Ufo in sponges, the mollusc A^ptrgxUufn, etc. 
Warm boss. Raphidopn^ Stps. 

Tribo 4. HIPPIDEA- 

Rhallow-water forma living buried in sand. The body is nearly cyhn- 
driral. and the abdomen is loosely folded under the thorax. Other 

characters are noted ab«.)VO (p. 637). 

Fain. 1. Hlppldae. Sand crabe. Carapace ovate or subqutulrate, 
overlapping the hosi's of the logs ; thoracic sterna linear ; eyes wit 
small corncae ; 1st nnteima with 1 long flagellum ; 2nd with massive 
base ; 3rd maxillipeds eul>opercuUform, without exopodite ; Ist trunk- 
legs not chelate, fith filiform; abdomen partly extended, with long 
lanceolate telson, 0th appendages largo and lamellar, adapted not for 
Bwiminiiig but f.ir digging oa the animal buries itself, backwards, in the 
sand. Hippa hatches an a zoaea with 2 pairs of maxilli{x*d8. and very 
long roatnim. Hippn Fabr. 2nd antennae with long curved 
mandibles funrtion!o.-«8. and fused with the adjacent parU of the shell ; 
fire»t Alxloniinii! segmont fused with thorax. H. cremita (L.) live in 
numbere on sandy shores of the eastern United States, near low tide level, 
an.l burrow wifli great rapidity. They apparently live, after the marmor 
of wuthwortns. on the organic matter eontainod in the sand, which they 
swallow in large quantities (Smith). Remipts Latr. 2nd antenna wit 
short fiagt'llum. Majtli'jochirxu Miers, first trunk-legs flagelUform. 

Farn. 2. Albuneldas. Resemble the last family, but 3rd maxillipeds 
oro Puhpt'diform, with exopodite. and first trunk-legs are chelate ; rara- 
paec' flaltoned, but not overlapping the bases of the legs, excavated for 
recvptioii of 1st alKlonitnal segment; telson ovate. AUjumq Jsbr. 
Mediterranean. C<>lolxe. first antennae form, wlien in apposition, a channel 
for the respiratory water. Diepharipoda Randall. 

Section 4. Brachyupa. 

Tlio carapace is broad and longer than the sliort abdomen. 
The latter is without a caudal fin, is bent forwards and applied to 
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the broad thoracic sterna. Pterygostomial region fused in front 
with tlic cpistomc, and not scparaU'd by a movable suture from 
the rest of the carapace. A median ridge unites the epistome 
with the rostral region of the carap^e. The eyes and first 
antennae are received in pits of the cephalo-thorax. The second 
antennae project on the inner side of the eye stalks. Both 
pairs bear short flagella. The endopodite of the first maxilliped 
is broad, unjointed and terminates in a well marked outer angle. 
The third maxillipeds are broad and opercular. The first trunk- 
legs alone are chelate. The abdomen is narrow in the male and 
bears only the one or two anterior appendages (copulatory); 
wide in the female, with 4 ovigerous fan-like appendages; 
but the sixth pair (uropods) is never present. The gills are 
phyllobranchiate. In nearly all cases the eggs hatch as zoaea 
larvae, with the two pairs of biramous swimming maxillipedfl, 
and long spines (dorsal, frontol and paired lateral). A meiazoaea 
and megalopa stage are passed through, but a mysis stage is 

absent from the life-history. 

Tribe 1. BRACHYURA ANOMALA. 

Fourth and fifth trunk-logH articulated higher thon thoir predecessors; 
ei.iKU>me* l)road ; as many as 14 pairs of gills moy bo pr^nt and the 
oi)..ninjra of the oviiUicts aro on the hnaos of tho third trunk not on 

the adjacent «u*mum In these two leaturos tho moml>ers of this family 
differ from the other llcachyura and resemble tho Macrura, with which 
group they are often clossified. 

Fain. 1. Homolldae. Eye-stulks long and usually slender; orbits 
and fosstto for first oiitennoo incomplete or absent; last pair of legs 
Binall. and pr<*hon8ilo. Tropical and subtropical, down to 825 faths. 
Dicranodromia A. M. Edw., intermediate between this and the next sub¬ 
family, but with incomplete orbits ond no fossae for Ist antennae. 
fiotnola I.«ach, carapace <iuadrilateral ; 14 pairs of gills. 3rd maxilliped 
leg like. Lotreillia Roux, carapace triangular, legs slender and cylindri¬ 
cal with a BUi>erficial nisomblanco to Bpidcr-crobe. 

Fam. 2. Dromidas. Carapace usually sub-globular; orbits well 
defined ; 6th and usually 4th trunk-legs short, prohonsilo and used for 
carrying a shell, sponge, ascidian colony or other sheltering object over 
the back ; 14 pairs of gills. Drotnia Fabr. carapace pilose. D. vulgaris 
M. Edw. Mediterranean, sometimes British, with a strange shaggy 
OMiwct : regarded as *' |Kiiaonous and narcotic,” by tho ancients ; male 
cuiHilatery organs largo. Petalomera Miors ; Dynomsne Latr. only tho 
6th legs sub-dorsal. 

• Tho opistomo is, as slated above, tlio region between the frorit of the 
carapuco and tho anterior border of the mouth ; tho latter being well 
marked in tho Brochyura. Tho terms broad and narrow in tho following 
descriptions apply to the ontero-posterior dimonmons of the opistomo. 
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Tribo 2. OXYSTOMATA. 

Carapace usually convex ; buccal frame triangular, the mouth cavity 
being prolonged on either side to the front an two convergent ofrorontroain- 
ratory channels containing the grooved ends of the ondojKidites of the 
first maxillipeds ; the afferent oi>ening8 often consiiieuoua, in front of 
the bases of the chelipeds (except Leuoosiidae, ij.v.)- Their habit is to he 
biuned in sand, with the tip of the rostrum alone uncovered. 

Fam. 1. Dorippidae. Carapace truncated in front; the last or last 
two pairs of legs short, feeble, semi-prehensile and situated dorsally, as 
in the Brachyurs Anomala. Dorippt Fabr. Ethuaa Roux, carapace 
longer than broad, approacliing tlie Macrura ; from moderate depths to 
nearly 2>000 fatlis^ 

Fam. 2. LeucosUdae. Afferent respiratory channels open, not be¬ 
hind the pterygostomial regions, as usual, and as in other families of 
this group, but at the antero-latoral angles of the buc cal frame, whence a 
channel leads to the base of the 3rd maxillipod. 2nd antennae 
much reduced. Leucottia Fabr. carapace smooth, semi-globoso and 
produced anteriorly, with a pit (? nonrespiratory) in front of the bases 
of the chelipeds. Often polished and beautifully coloured. Phxlyra 
Leach. Myra Leach. Ehalia Loach, carapace sub-orbicidate, uneven. 
Littoral and deeper waters, Atlantic and Indo-Pacific. Four Britisli spp. 
Ixa Leach ; Oreophorus Riippell. Acanthocarpus Stimjison, a specimen, 
dredged by the Blake from deep water, has a stridulating apparatus on 
the chela and carapace. 

Fam 3. Calappidae. Carapace convex, sometimes orbicular; the 
terminal joints of 3rd maxillipeds not concealed by the 4th joint. Calappa 
Fabr. the carapace with the large crested chelipeds form together a ball- 
like whole, the postoro-lateral margins prolonged over the other trunk- 
legs. Littoral forms of warm seas. Paracycloi* Miors; Cryptoeoma 
Bmlld : Platymera M. Edw. Orithyia Fabr. the 4 posterior pairs of legs 
flattened for swimming. 

Fam. 4. Matutidae, Terminal segments of 3rd maxillipeds concealed 
by 4th segment. Matuta Fabr. 4 posterior pairs of legs flattened, but 
not setose. They burrow in sand. Hepatti*, Latr., Oaachila Stimpson, 
and Actaeomorp}M, Miers, have olaw-like ends to the legs. 

Fam. 5. Ranlnldae. Carapace ob-ovate or ovate oblong, the short 
abdomen partially extended, not folded under the thorax ; Ist antennae 
not folded in special fossae ; the 4 posterior pairs of trunk-legs wit 
brood terminal joints. Tropical and sub-tropical waters, down to 300 fatlw. 
Aani'na Lam. carapace broad and truncated in front. Afferent branchia 
opening at posterior end of thorax. Only 9 pairs of gills. Male copulatory 
appendages largo. East Indies and Pstcific Islands. Raninoidet M. Edw. 
hist pair of logs filiform ; Notopus de Haan, I/yreidus de HaOn. Zanciift^ 
Henderson, with short legs with sickle-shaped end-joints, W. Atlantic 
coasts. In these two genera the orbits are ill-defined. 

Tribe 3. OXYRHYNCHA. 

Carapace narrowed in front, usually rostrate ; buccal frame quadrate, 
and epistome kirgb. Central nervous system attains its maximum of 
concentration. Many of the Oxyrhyncha have serrated and hooked hairs 
on the upper surface, wliich serve the purpose of holding fragments of 
algae, sponges, Alcyonium colomes and other organisms with wliich they 
deck themselves, and which grow in this position. They dress in accord- 
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anc© with thoir environment, and a crab dressed in algae has been observed 
to pick them off when placed in an aquarium with sponges, replacing them 
with portions of the latter (Graeffe, Eisig, Sluiter, Robertson. Aurivillius). 

I. Basal antennal segment well developed, usually occupying a great 
part of the infra-ocular space. 

Fam. 1. Inachidae. Eyes not retractile, or retractile against the sides 
of the carapace ; orbits in general not defined. Rostrum simple or 
bifid, walking legs sometimes very long. Macrop}>dia Leach (ssSteno- 
rhynchui Lam.) Spider Crab. M. roatratus (L.) end M. loiigtroaina (Fabr.) 



. F In »clv*nced «Uoo with nidlmeiits ol Hio llUrd m»xU»| «*<! 

i5is% ; C ».«rt; L IU«r. ft. ,1^. ol 

. /ftiwcme". flmt t« flIU. ambulitory Icgi. 


are common in depths of a few fathoms round our coasts Achaeua Leach. 
A Cranchii Leach. British. Inachxu, Fubr.. cophalothorax triangular, 
spiny, rostrum short, cholipeds much shor^r than the pair 

of logs. In this, as in other genera which are infostsd with parasitic 
Crus^«a (Isopods. Cirrii»eds. etc.) tho males so c.rcumsUnc^ may 
assume hermaphrodite characters (see p. 416). /. dorae^r^ ^ /“"J' 

I dorynchus I^Mwh and /. Uptochxrus Leach, are Bntuh. Lcpto- 
vodia Leach, rostrum not bifid, but long and Berrated. Macroohtxra 
Ve Haan. M. KdmpfeH de Haan has a span of ^^*^* "“*”“* 

do Haan. Uapognathua A. M. Edw. L. thorns^ (Norman) widely dis¬ 
tributed. has boon taken at doptlis down to COO fatlis. Ergaalicua A. 
M.-Edw. Platymaia, Cyrtotnaia and EchtnopUa Miers. Euprognatha 

Hslldae. Eyes retractile within orbits, whose margins are 
fiasure<) Maia, I«am. cophalothorax round-ovoid, with projecting deeply 
cloft rostrum ; basal joint of 2nd antenna with 2 long spines. M. aquinada 
Herbet, logs rather short, shell spiny. Moditorraneon, extends to 8. 
coast of England. JIf. t«rruco«o M.-Edw. Hyas Loach, cophalothorax 
oval, somewhat flattened, with pointed rostrum and without a preorbital 
spine H oraneus (L.) and H. coarctaius Leach. British. C/ionnus Latr. 
,, V N 
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ArcUypis, Lam. (Piw, Leach) cephalothorsx elongated pearnihaped with 
preorbital apino and long roatrum* basal joint of 2nd antenna narrow and 
inserted besides the rostrum ; two spp. British. Lt9sa l^ach. Chiono€' 
cete$ Krby. Greenland and New England, spans 32 Inches. AntUibinia 
MacL. A. Smiihii M’Leay, has powerful claws with which it clings to 
wave-beaten rocks. Natal. Scyramathia M. Edw. EurynovM Leach, 
cephalotliorax irregularly rhomboid. E. asptra (Penn.) Mediterranean,- 
extending to Britain. 

Fam. 3. Psriceridae. Eyes retractile within complete orbits. Ptricera 
Latr., Macrocoeloma Miere, Libinia Leach. Mithrax Latr. 

II. Basal antennal segment very small, the orbit having an inferior 
wall distinct from it. 

Faro. 4. Parthenopidae. Chelipeds very long. Parenihope Fabr. 
P. horrida (L.) the groat warty crab of the E. and W. Indies; Lambrus 
Leach, coplialo-thorax triangular; widely distributed in the shallow water 
of warm seas ; HtUrocrypta Stimpson. 

With the Oxyrhyncba is probably allied Paratymolua Miers, from 
Australia. 


Tribe 4. CATOMETOPA, 

Carapace broad anteriorly, not rostrate, the front* bent downwards, 
oplatome short. 

Fain. 1. Grapsidae. Carapace more or less quadrilateral; front 
generally very broad ; mf’Stly littoral or shallow water forms. Qrapaua 
Lain. Carapace with transverse ridges; some species frequent exposed 
rucks, rimningwith great agility. NautUograpatis M. Edw. N. m»n«/iis(L.) 
widely' distribiitcil ami abundant in the Gulf-weed of the N. Atlantic. 
Like other rneinl>ers of the Gulf-weed fauna it is mottled with yellow, 
brt.wn and white in varying patterns, resembling the young and old 
branches of the wwd.with the white encrusting Polyzoon colonies which 
grow on it. Several niembers of this, os of the two succeeding families, 
have adopt«-d a sonii-terrestrial mode of life. Eriocheir do Haan ; E. 
iu)>>>nu:ua de llaHn, with furry chelae, ascends fresh-water streams in 
Japan, and lives partly on land. Sraarma Say, widely distributed in 
warm, ehallow waters. 5. piaonii climbs mangrove bushes, taking air 
into its branchial ca\-ity by o{x*ning8 at the back of the thorax. Another 
B[>vcioe inhabits marshy ground and has a sieve-Uko arrangement of 
liairs on the pterygostomial region for re-aerating the water driven from 
the branchial cavity, and conducting it to the afferent opening in front 
of the bases of the chelipeds. It is also able to take in air at the back of 
the thorax (Fr. Muller). Several other genera. 

Fam. 2. Ocypodldae. Carapace moderately convex, sometimes 
trafK.'zoidcil ; front of moderate width or very narrow. Eye-stalks may 
Ix' grt'atly dovelo{>e<l ; terminal joints of walking legs styliform, without 
strung spines. Littoral to considerable depths. Ocypode Fabr. front 
narroxv, orbits and eye-stalks verj' large, the latter often prolonged beyond 
the (lateral) comcal surface. Chelae unequal in male, the larger one very 
mobile, tho 6th joint (‘'hand ”) bearing a regularly striated band which 
plays over a ridgo on tho third joint, forming a stridulating apparatus. 


* Tho “ front ” is the region of the upper surface of the carapace between 
the orbits. 
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They burrow between tide marks, and, as the name implies, are very swift 
of foot. Running on tip-toe, with the long eye-stalks erect, “on wind¬ 
swept stretches of sandy beach, and coloured like the sand, they sometime 
seem rather to be borne on the wings of the wind them to run “ (Stebbing). 
They take air into the branchial cavity, and are unable to sxirvive a pro- 
lon^d immersion in water (Fr. Miillor) ; afferent orifice between the 
bases of 4th and flth walking legs, guarded by fringes of hairs. Qtla«\mus 
Latr. One of the chelae (r. or 1.) very large in the male. They live, in 
pairs, in burrows,on sandyshores in the tropica, often in great numbers, 
and between tides come out and feed. The great chela of the male is 
brightly and vario\isly coloured, giving the stretches of sand they frequent 
the appearance of being strewn with coloured beans. It is held aloft and 
brandished, in defiance, at the neighbouring males, who simultaneously 
respond with a similar motion. Sometimes an engagement occurs, the 
males grasping hands. If they are disturbed there is o flash of the great 
chelae as the crabs retreat to their burrows and in a moment the shore is 
deserted. They live on vegetable matter in the sand, and (in Tongatabxi) 
aro eaten by king-fishers. Oonoplax Leach, chelipeds very long in male ; 
Q. rh<m\boidea (L.) British ; many other genera. In Macrophthalmu^ 
Latr., HcHce de Haan.and Metaplax M. Edw. the males are provided with 
stridulating apparatus. BcUkyplax A. M. Edw. B. typhlua A. M. Edw. 
SiKJCixnpns from 4-500 fathoms blind, wljilo those from shallow watei 
can see. 

Fam. 3. Gecarclnldao. Land crabs. Carapace dorsally convex, 
dilated over the branchial regions, anterolateral margins entire ; front of 
moderate width; terminal joint of walking legs armed with spines; 
Branchial chambers lined by spongy membrane, and only partially occu¬ 
pied by the gills. A supply of water is retained in them. Uca Leacli, 
and Qecarcinticxta M. Edw. 3rd maxilli[>eds moot in the middle lino. 
XJca una (L.) in mangrove swamps, Brazil. In Cardiaoma Latr., Qacarcoidea 
M. Edw., Qecarcinua Loach and Hylaeocarcxnua Wood Mason, a lozenge- 
shaped space is left l>otween these maxillipods. A si^cies of Qtcarcintta 
inhabiU the forests of the W. India Islands, sheltering in holes. In 
May they make their way in compact bodies, scaling the obstacles to 
their paths, to the sea, where t)jo eggs are laid. '* The noise of their 
march is compared to the rattling of the armour of a regiment.’* The 
young arc hatched, occording to Westwood, with the form of the adult. 
This is ])robably not the cose in O. layoatoma, whoso wide distribution 
would suggest that the larva loads a i>elagic existence. 

Fam. 4. Pinnotheridae. Carapace more or less membranous, antero- 
lateral margins entire or nearly so ; eyes very small. Small crabs, many 
of them living symbioiically with Lamellibranclui, Echini, etc. A crab 
asBociatod with a Pinna- ap[>oure on the Egyptian monuments. Pinno- 
theres, Latr., only 3 pairs of gills. P. veterum Ih^sc. and P. piautn (L.) are 
common European (Britisli). The female of tho latter is never found 
outaide a host, and tho carapace is much more membranous than in the 
male. Hymenoaoma DoBrnnrest ; Scopimera do Haan ; DotiUa Stimpeon ; 
Pinnixa White, 6th legs often short ; Amorphopua Boll, 6th legs rudi¬ 
mentary : Hexapua do Uaan, and Thaumaatoplax Miors, Cth logs absent. 

Here are probably allied the crabs which live in holes in Corals. In tho 
male the ab<luiiiori has the usual Bhafw, but in tho female it is large and 
membronouB, with expanded pleura, forming a deep pocket for the re¬ 
ception of the eggs. C'ryptoehirua Holler ; Hapalocatcinna Btimpson. 
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With the Catometopa is probably also allied Cymopolia Boox 
{ = Palicua), Mediterranean and G. of Mexico. 

Tribe 6. OYCLOMETOPA, 

Carapace mde and regularly arched anteriorly ; the front not depressed 
nor rostrate, epistome short. 

Fara. 1. Tbelphusidae (Potamonidae). Carapace dilated over the 
branchial regions. Fluviatile or in damp forests. Classed by some 
authors with the Catometopa, and intermediate between these and the 
Cancridae. Thelphtua Latr. Th. fluinatilia Latr. {Potamon edule) widely 
distributed, S. Europe, N. Africa. The young leave the egg in the adult 
form (Morcanti). Th. dehaanii White ascends to 2,500 ft. in Japan. 
Paratelphusa M. Edw. Indo-Malayan. Decktnia Hilg.. E. Africa and 
Seychelles, has acquired an efferent respiratory channel similar to that of 
the Oxystomata. 

Fam. 2. Cancridae. Carapace broad, convex, anterior margins 
arched; front moderately wide. Some 50 genera. Cancer L. front 
S-toothod : C. pagurxis L. the crab of tho markets, froquents holes in rocks, 
in pairs. Pibtmnui* Lca<-h. P. hirtcllue (L.) British ; front projecting, 
copha!o*thorax high arched. PirimHa Leach, P. denticulaia (Montagu) 
British. Eriphia, Latr. 

Fain. 3. Trapozildae (Xanthidae). Carapace depressed and nearly 
quadriii%t4‘ral, aiitoro-latornl margin.^ entire or with 1 tooth. Small crabs 
of warm sous, ^pp- numerous in tlio tropics. Trapezia, Latr. j Tetralia 
and Quiiilrdht. Paiia. Xnntho Leach. A', incisue Leach, and X. hydro- 
phUitn {flertjst) British. Peeudozius, Dana. Pe, 6oMV»«r» A. M.-Edw. 
has a stri'hilating apparatus in which vibrations arc produced by a ridgo 
on the r»th segment of tho <dieliptKlH, playing over the striated antoro-latoral 
margins of tho r<irapace. ATclia Latr. M. tcascUala, frequents coral and 
has tho rcitmrkable habit of carrying a live seo-anemono in the chela.* 

Fam. 4. Portunidao. Carapace depressed, usually widest at the last 
antoro-lutoial spine. o-9 tooth on the antero-lateral margin; the 5th legs 
of tlio trunk usually flattened and adapted for swimming. Carcinua Loach. 
7th segment of 5th legs narrowly lanceolate, outero-lateral margins of 
shell 6-toutliOfl. C. m'jcna.« (Penn.) tho common shore crab of tlio British 
Islands. P riimuA, Fubr. Frontal border 5-toothod ; last two segments of 
5th legs llattoned, the last joint ovate. P. pxthcr (L.) the velvet crab, 
P. deptirntor (I,.) and 0 other spp. are British. Portumnua Loach, 7th 
HOgnionfc of .“ith logs lanceolate. P. cartV^atus Loach, British. Platyonichua 
Lntr. 7t.h segment ('f 5th legs broadly oval, good swimmers, os are spp. of 
Polybiiia Leach. Scylla do Haan, carapoco very broad, with 9 or more 
teeth on tho antoro-latoral margin, anil Cfiarybdia do Haan, 7 or fewer 
teeth on the antero-lateral margin, are brilliantly coloured; Bathynectea 
Stimpaon, B. nuperhua (Costa) N. Atlantic (including Mediterranean); 
B. longipfa Risso, alsri British. 

Fam. 6. Podophthalmldae. Carapace widest anteriorly, front narrow 
and spatuliform ; with greatly elongated eye-stalks. Podophthalmxta lAm. 
Euphylax Stimpaon. 

Fam. 6. Cyctldas. Carapace orbiculate. .dcan^ocycIiM, M. Edw. and 
Lucas, A. Gayi M. I'Mw*. and Lucas. Chili and Patagonia. 

• CL Borradaile. Gardiner’s Fautxa and Ccoyraphy of the Alaldixx 
and Laccadive Archipclagoea, vol. i, p. 249. 
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Fam. 7. Coryslldae. Sternal plastron narrow ; 2nd antennae with 
long flagella ; 3rd maxillipeds narrow, usually not operculiform. CorysUs 
Latr., carapace longer than broad ; C. caasivelaunue (Penn.). Markings 
on carapace resemble a human face ; chelii>ed3 very long in male ; the long 
flagella of the 2nd antennae, applied together, form an afferent channel 
for the respiratory water, when the animal lies buned in sand; when it is not 
buried the current can be reversed ; front rostrate in the young. Common 
on our shores, where it is often cast up by the sea. NauHlocoryatce and 
Peeudocorystes M.-Edw. closely allied. AuUcyelus Leach, with operculi¬ 
form 3rd maxillipeds, and Thia Loach are British. Th. -poliUi Leach 
(ss residua Herbst) with polished carapace and abdomen narrow in both 
sexes. 
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CLASS 11. ONYCHOPHORA.* 


Tracheates with a dermomu£cvlar hody-waU, paired segmetUal 
Tuphridia, and with numerous and simitar pedigerous segments. 
The head is not marked off from the body and bears one pair of 
antennae, one pair of jaios and one pair of oral papillae. The 
tracheal stigmata are diffusely scattered arid there are no malpighian 
tubes. Muscular fibres {excepting those of the jaxos) unstriated. 

* Balfour, F. M., Tho Anatomy and Development of P. capenaia, 
PosthvunouB Memoir, edited by H. N. Moseley and A. Sedg\^'ick, Quart. 
J. Mic. Set. xxiii, 1883. Bouvier, E. L., Monographic dec Onychophores. 
Paris, 1907 {Ann. dec Set. Nat. (9), 2 and 5). Dendy, A., On the Oviparous 
Species of Onychophora, Q.J.M.S. xlv, 1902, p. 362. Evans, B., On 
Onyohophora from the Siamese Malay States, Q.J.M.S. xUv, 1901, 
p. 473, and On the Development of Eoperipatus, ibid, xlv, 1901, p. 1. 
Fletcher, J. J., On the Specific Identity of the Australian Peripatua. 
usually supposed to be P. Leuckarti, Saenger, Proc. Linn. Soc. New South 
Wales, X, 1895, p. 172. Gafiron, E., Beitrage z. Anat. u. Physiol, v. 
Peripatus, Th. 1 and 2, Zool. Beitrage (Schneider), 1, pp. 33, 145. Ouildlng, 
L., MoUuaca caribbaeana : on account of a new genus of Mollusca, Zool. 
Journal, il, 1826, p. 443, pi. 14 ; reprinted in laia, xxl, 1828, p. 168, pi. ^ 
Motley, H. N., On the Structure and Development of Peripatua capenaia, 
Phil. Trans., 1874. Pocock, R. J., Contributions to our knowledge of the 
Arthropod Fauna of tho West Indies, Pt. 2, Malacopoda, See,, Joum. Linr^ 
Soc. XXIV. p. 618. Purcell, W. F., On the South African Species of Peri- 
patus, etc.. Annals of the South African Museum, I, 1898-99, p. 331, and 
Anatomy of OpisthojxUua einetipes, ibid, ii, 1900. Sclater, W. L., On the 
early Stages of tho Development of a South American Species of Peripatua, 
Quart. J. of Mic. Set. xxviii, 1888, pp. 343-361. Sedgwick, A., A Mono* 
graph of the Development of Peripatus eapenais (originally published in 
various papters in the Quart. J. Mie. Set. 1885-88); Studies from the 
Morphological Lab. of the University of Cambridge, iv, 1889, pp. 1-146; 
A Monograph of tho Species ard Distribution of the Genus Peripatus, 
Guilding, i^art. J. Mic. Set. xxviii, 1888, pp. 431-494. Sheldon, I*., 
On the Development of Peripatus novee zealandice, Pte. 1 and 2, Quart. 
J. Mic. Sci. xxviii cmd xxix, 1888 and 1889. The memoirs quot^ by 
Sclater, Sedgwick and Sheldon, are edl reprinted in vol. iv of the Studies 
from the MorptudoguMl Lab. of the University of Cambridge, vol. iv, 1889. 
Cambridge University Press. Steel, T., Obrorvations on Peripatiis, Proc. 
Linn. Soe. New South Wales, 1896, p. 94. Willey, A., Tho Anatomy and 
Development of P. nova britannics. Zoological Results, Pt. 1, 1898, pp. 1-52, 
Cambridge. Sedgwick, On the Distribution and Classification of the 
Onychophora, Q.J.M.S. 1908. 
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The genus Peripatua was established in 1826 by Guilding, who 
first obtained specimens of it from St. Vincent in the Antilles. 
He regarded it as a Mollusc, being no doubt deceived by the 
slug-like appearance given by the antennae. Specimens were 
subsequently obtained from other parts of the neotropical region 
and from South Africa and Australia, and the animal was vari¬ 
ously assigned by the zoologists of the day to the Annelida and 
Myriapoda. Its true place in the system, as a primitive member 
of the group Arthropods, was first established in 1874 by Moseley, 
who discovered the tracheae. 

There can be no doubt that Peripatua is an Arthropod, for it 
posses.ses the following features, all characteristic of that group, 
and all of first-class morphological importance : (1) The presence 
of appendages modified as jaws ; (2) the presence of paired lateral 
ostia perforating the wall of the heart and putting its cavity in 
communication with the pericardium ; (3) the presence of a vas¬ 
cular body cavity and pericardium (haemocoelic body cavity) ; 
(4) absence of a perivisceral section of the coelom. Finally, the 
tracheae, though not characteristic of all the classes of the 
Arthropoda, constitute a very important additional reason for 
uniting Peripatua witli it. 

Peripatua, though indubitably an Arthropod, differs in such 
importjujt respects from all the old-established Arthropod classes, 
that a special class, equivalent in rank to the others, has hod to 
be created for its sole occupancy. This unlikeness to other Ar¬ 
thropoda is mainly due to the annclidan affinities which it 
presents, but in part to the presence of the following peculiar 
features ; (1) The number and diffusion of the tracheal aper¬ 
tures ; (2) the restriction of the jaws to a single pair ; (3) the 
disposition of the generative organs ; (4) the texture of the skin ; 
and (5) the simplicity and similarity of all the segments of the 
body behind the head. 

The annelidan affinities are superficially indicated in so 
marked a manner by the thinness of the cuticle, the dermo- 
muBcular body wall, the hollow appendages, that, as already 
stated, many of the earlier zoologists who examined Peripatua 
placed it amongst the segmented worms ; and the discovery that 
there is some solid morphological basis for this determination 
constitutes one of the most interesting points of the later work 
on the genus. The annelidan features are : (1) The paired 
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nephridia in every segment of the body behind tlie first two 
(Saenger, Balfour) ; (2) the presence of cilia in the generative 
tracts (Gaffron). It is true that neither of these features are 
absolutely distinctive of the Annelida, but when taken in conjunc¬ 
tion with the annelidan disposition of the chief systems of organs, 
viz. the central nervous system, and the main vascular trunk 
or heart, they may be considered as indicating affinities in that 
direction. Peripaius, therefore, is zoologically of extreme interest 
from the fact that, though in the main arthropodan, it possesses 
features which are possessed by no other Artliropod, and which 
connect it to the group to which the Arthropoda are in the 
general plan of their organization most closely related. It 
stands absolutely alone as a kind of half-way animal between the 
Annelida and Arthropoda. There is very little gradation of 



FlO. 331,—Peripaius eepeneis, drmwn from Ufa. Hf« elic. (AfU*t Sedgwick.| 


structure within the genus ; the species are limited in number, 
and in all of them the peculiar features above mentioned are 
equally sharply marked. 

Peripahis is a segmented animal, the segments being marked 
by the appendages. The ridges of the skin are considerably 
more numerous than the true segments. The number of seg¬ 
ments is usually variable in the same species, but it is always 
complete at birth being definitely fixed at an early stage of 
development. The anterior part of the body may be called 
the head, though it is not sharply marked off from the rest of 
the body (Fig. 3.31). The head carries three pairs of appendages, 
a pair of simple eyes, and a ventrall3' placed mouth. The body 
is elongated and vermiform ; it bears a number of paired ap¬ 
pendages. each terminating in a pair of claws, and, except for 
the fact that the last pair or lost two pairs are occasionally 
somewhat reduced, all closely alike. The number varies in the 
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different species. The anus is always at the posterior end of 
the body, and the generative opening is on the ventral surface 
just in front of the anus ; it may be between the legs of the last 
or penultimate pair (Fig. 332), or it may be behind them. There 
is in most species a thin median white line extending the whole 
length of the dorsal surface of the body, on each side of which 



Fio. 332.—Ventral view of hind ond of Flo. 333.—Ventral view of the head of P. 

P. novae-zealandiae (after Sedgwick). (after Sedgwick): anl autenuao; 

g geoerAtlv^ opcaiag; 0 aom. or.p oral paplliao; F-1 first leg, 1 

toDgue. 

the skin pigment is darker than elsewhere. The skin has a 
velvety texture and the colouring, which is always remarkable, 
varies considerably in the different species, and even in different 
individuals of the same species. The ventral surface is nearly 
always flesh-coloured, while the dorsal surface has a darker 
colour. In the South African species the colour of the dorsal 
surface varies from a dark green graduating to a bluish gray, 
to a brown varying to a red orange. The colour of the Aus¬ 
tralasian species varies in like manner, while that of the Neo¬ 
tropical, Malayan and New Britain species is less variable. The 
brown ground pigments arc dissolved by spirit, but the other 
pigments are not appreciably affected. 

The skin is thrown into a number of transverse ridges, along 
which wart-like papillae are placed. The papillae, which are 
found everywhere, are specially developed on the dorsal surface, 
less so on the ventral. Cach papilla carries at its extremity a 
well-marked spine. The cuticle which covers the body is 
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everywhere, except on the lips and one or tw’o other places, 
raised into minute secondary papillae or scales (Fig. 340) which 
may be pointed or blunt; each of them is in relation with 
a subjacent epidermal cell in which the skin pigment is con* 
tained. 

The appendages of the head are the antennae, the jaws and 
the oral papillae. 

The antennae, which are prolongations of the dorso-laterol 
parts of the head, are ringed, and taper slightly till near their 
termination, where they are slightly enlarged. The rings bear 
a number of spines, and the free end of the antennae is covered 
by a cap of spiniferous tissue like that of the rings. 

The mouth is at the hinder end of a depression called the 
buccal cavity, and is surrounded by an annular tumid lip, raised 
into papilliform ridges and bearing a few spines (Fig. 333). 
Within the buccal cavity are the two jaws. They are short, 



Fio. 334.— iDDer Jaw^daw of Fia. 336.—Outer Jaw*daw of P* 

capentU (after Balfour). capentit (after Balfour). 

stump-like, muscular structures, armed at their free extremities 
by a pair of cutting blades or claws, and are placed one on each 
side of the mouth. In the median line of the buccal cavity in 
front is placed a thick muscular protuberance, which may be 
called the tongue, though attached to the dorsal instead of to the 
ventral wall of the mouth (Fig. 333). The tongue bears a row 
of small chitinous teeth The jaw-claw'S (Figs. 334 and 336), 
which resemble in all essential points the claws borne by the 
feet, and like these are thickenings of the cuticle, arc sickle¬ 
shaped. They have their convex edge directed forwards and 
their concave or cutting edge turned backwards. The inner 
cutting plate (Fig. 334) usually bears a number of cutting t^th 
in addition to the main tooth. In some species the majority 
of these are separated by a diastema from the others and 
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arranged as a saw-like row of denticles. The jaws appear to be 
used for tearing the food, to which the mouth adheres by means 
of the tumid suctorial lips. The oral papillae are placed at the 
sides of the head (Fig. 333, or.p). The ducts of the slime-glands 
open at their free end. They possess two main rings of pro¬ 
jecting tissue, and their extremities bear papillae irregularly 
arranged. 

The ambulatory appendages vary in number. There are 
seventeen pairs in P. capensis and eighteen in P. Balfouri, while 
in P. jamaicenais the number varies from twenty-nine to forty- 
three pairs. They consist of two main divisions, which we may 



Vio. 940.—Veolral vl«w of la»t lotf of ti ¥w. 337.—I. 0 K"f /*. from Iho front 

male P. eapeinU (after Sedgwick). / (after Sedgwick). / foot, / leg ; p siPiullcroua 

Foot; I Us : p tploiferoux pads. Tlio pads, 

vtilte papilla OD ih« provlm^ ot 
thU leg U characteristic of the male of 
this Bpecice. 

call the leg and the foot (Figs. 336 and 337). The leg (f) has 
the form of a truncated cone, tlie broad end of whicli is attached to 
the ventro-latcral wall of the body, of which it is a prolonga¬ 
tion. It is mark(^ by a number of rings of papillae placed 
transversely to its long axis, the dorsal of which are pigmented 
like the dorsal surface of the body, and the ventral like the 
ventral surface. At the narrow distal end of the leg there are, 
on the ventral surface, three or four (rarely five, six, or seven) 
spiniferous pads, each of which is continued dorsally into a 
row of papillae. The foot (/) is attached to the distal end of the 
leg* It is slightly narrower at its atljvchwl extremity than at its 
free end. It bears two sickle-shaped claws and two, three or 
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four (rarely more) papiUae. Tlic part of tlie foot which carries 
the claws is especially retractile, and is generally found more or 
less telescoped into the proximal part. The legs of the fourth 
and fifth pairs differ from the others in the fact that the enlarged 
nephridia of these segments open upon, or in close relation with 

the proximal spiniferous pad. ^ 

In some specif certain of the legs bear on their ventral sides 
furrows with tumid lips and lined by smooth non-tuberculate 
epithelium; they are caUed coxal organs. In some forms 
(S. African, etc.) they are very faintly indicated; in others 
(neotropical, etc.) they are considerably deepened to form the 
so-called coxal vesicles, which, it is stated, can be everted. 

The males are generally rather smaller and less numerous 
than the females. In those species in which the number of 1^ 
varies, the male has a smaller number of legs than the female. 

The slime glands open at the end of the oral papillae and are 
contained in the central compartment of the body-cavity in 


which they form conspicuous objects. Their ducts are con¬ 
siderably dilated to form the large slime-reservoirs (Kg. 338 sl.d), 
and the gland itself is tubular (slg), the tubes branching off 
from the posterior end of the duct. The slime is a viscid, 
albuminous fluid which hardens into threads in the air. Though 
non-acrid and harmless, it adheres to aU objects which it touches 
except the skin of the animal itseU. Its ejection is caused by 
the contraction of the muscular body-wall of the animal and it 
can be shot out to a considerable distance. It is used to entang e 
the more active prey, but it has to be used sparingly, for after 
a few ejections the supply stored in the reservoirs is exhausted. 

The Alimentary Canal (Fig. 338). The buccal cavity, as 
explained above, is a secondary formation around the true mouth, 
which is at its dorsal posterior end. It contains the tongue ^d 
the jaws, which have already been described, and into the hind 
end of it there open ventrally by a median opening the salivary 
glands {s.g). The mouth leads into a muscular pharynx (pA), 
which is connected by a short oesophagus (oe) with a stomach 
(si). The stomach forms by far the largest part of the alimen^y 
canal. It is a dilated soft-walled tube, and leads behind into 
the short rectum C^), which is slightly curved and opens at the 
anus. There are no glands opening into the alimentary canal. 

The salivary glands* which open into the buccal cavity, are 
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placed in the lateral compartments 
of the body-cavity immediately 
dorsal to the ventral nerve cords 
and extend backwards for a very 
variable distance in the different 
species (Fig. 338, sometimes 
for not more than half the length 
of the body and sometimes for 
nearly its whole length. Immedi¬ 
ately behind the mouth and in 
front of the first pair of legs they 
bend inwards and ventralwards 
and fall, one on each side, into 
the narrow hind end of the buccal 
cavity. They consist of an un¬ 
branched tube on each side, the 
lining of which is the glandular 
tissue of the gland and the front 
end of which receives the opening 
of a vesicle with vacuolated pro¬ 
toplasmic wall. The salivary glands 
arc the nephridia of the segment 
of the oral papillae and the just- 
mentioned vesicles arc their end- 
sacs. 

The central nervous system con¬ 
sists of a pair of supra-ocso- 
phageal ganglia united in the 
middle line, and of a pair of widely 
divaricated ventral cords, con¬ 
tinuous in front with the supra- 
oesophageal ganglia (Fig. 339). 

The ventral cords at first sight 
appear to be without ganglionic 
thickenings, but on more careful 
examination they are found to be 
enlarged at the level of each pair of 
legs (Fig, 339), I'hcso enlargements 
may be regnivic^t as imperfect gan¬ 
glia. Ihere ara t^f'reforo, as many 



no. 33H.—/Vri/«T<u« aiwcctcd 

80 OS to show the aUmcfltary canal, 
8»mc glantU. and wtll vary glands (alt4>r 
Balfour). The dlitscctiou U >iewe(l 
from the ventral aide, nnd thoUpe (/4 
have been cut tlmiugh hi tho middle 
Une behind and puUotl outnardA 80 
as to expose tho jaws (/), which have 
been turned outwards, and tho tongue 
(T) bearing a median row of chltlnous 
teeth, whlcli branches Iwhlnd loW 
two. Tlio muscular pharynx, extend¬ 
ing back into the space l)ctween the 
Arst and second pair* of legs, Is lol- 
liiwed by a short tuhiilnr oesophagu^ 
The latt«r opens Into the largo sUmioch 
with plicated walls, exUndlng 
U) the hind end of the aiilrial. The 
stomach at lU point of junction with 
tho rectum presents an ^-shaped ven* 
tro*dor»ai curve. A aniLi ; at an* 
tonna : y.J, F i Af«t and second leg* ; 
j laws ; 7 / li|w ; o4 ooeophagua ; ot.p 
oral papilla : pApliaryiix : « recluru ; 
« d salivary duct: « g salivary gland. 
«; d allmo reservoir; $l g jHirtlon of 
tubules of sllrnc gland ; sf stomach; 
T, tongue In roof uf mouth. 
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gangUa as there are legs. There is in addition a ganghomo 
Llargement at the commencement of the oesophageal eom- 
missures. where the nerves to the oral papillae are given off 



F]o. 1^30. —Rralo and anterior part ol 
iUo ventral ncrvc-c^irda of Pfripaiui 
capeniu enlarged and viewed from the 
ventral i^urface (after llalh»ur). The 
pairi'd appendages id} of the ventral 
surface ol the brain ar« seen, and tho 
pair of sympathetic nerves (ry) arising 
fi\»m the Ncntml surface of the hinder 
part. From the commoDcement of 
tho oesophagual commlssurea pass o9 
on each side a pair of nerves to tho 
jaw iJn). The three anterior cum- 
between the ventral oerve- 
conLs arc placed close together: Im* 
mediately behind them the nerve- 
cords arc swollen, to form the gangU- 
onic enlargemenbt from which paas off 
to the oral papillae a pair of largo 
nerves on each side (om). Behind 
this the cords present a series of en* 
large me nU, one pair for CAch pair ol 
legs, from which a pair of Urge nerves 
pass off on each side to tho leg^ (pn). 
atn Anienijary nerws ; cocommlHaures 
l>etwccn ventral cords; d ventral 
appendages of brain; B eye; tn 
□erves passing outwards from %'entral 
cord ; y.g.i ganglionic enlargements 
from which nerves to legs paas off; 
jn nerves to jaws : org ganglionic en* 
largomeni from which nerve* to* oral 
papillae pass oH ; orwmerves to oral 
papillae ; pe posterior lobe of brain ; 
pn nerves to legs ; sy sympathetic 
nerves. 


(Fig. 339, orn). 

The ventral cords are placed 
each in tho lateral compartmonte 
of the body cavity, immediately 
within the longitudinal layer 6f 
muscles. They are connected 
«ith each other, ratlier like tho 
pedal nerves of Chiton and tho 
lower Piosobranchiata, by a num¬ 
ber of commissures. These com¬ 
missures exhibit a fairly regular 
arrangement from the region in¬ 
cluded between the first and tho 
last pair of true legs. There arc 
nine or ten of them between each 
pair of legs. They pass along the 
ventral wall of the body, perforat¬ 
ing tho ventral mass of longitu¬ 
dinal muscles. On their way they 
give off nerves which innervate 
the skin. Posteriorly the two 
nerve-cords nearly meet immedi¬ 
ately in front of the generative 
aperture, and then, bending up¬ 
wards, fall into each other dorsal 
to the rectum. They give off a 
series of nerves from their outer 
borders, which present tlirough* 
out the trunk a fairly regular 
arrangement- From each gan¬ 
glion two large nerves (jm) ore 
given off, which, diverging some¬ 
what from each other, pass into 
the legs. 


From the oesophageal commissures, close to their junction 
with the supra*oesophageal ganglia, a nerve arises on each side 
which passes to the jaws, and a little in front of this, apparently 
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from the supra-oesophageal ganglion itself, a second nerve to the 
jaws also takes its origin. 

The supra-oesophageal ganglia (Fig. 339} are large, somewhat 
oval masses, broader in front than behind, completely fused in 
the middle, but free at their extremities. Each of them is 
prolonged anteriorly into an antennaiy nerve, and is continuous 
behind with one of the oesophageal commissures. On the 
ventral surface of each, rather behind the level of the eye, is 
placed a hollow protuberance (Fig. 339, d), of which we shall say 
more in dealing with the development. About one-third of the 
waj^ back the two large optic nerves take their origin, arising 
laterally, but rather from the dorsal surface (Fig. 339). Each 
of them joins a large ganglionic mass placed immediately behind 
the retina. 

The histoldgy of the ventral cords and oesophageal commis¬ 
sures is very simple and uniform. Tliey consist of a cord 
formed of nerve-fibres placed dorsally, and of a ventral layer 
of ganglion cells. 

The eyes (Fig. 340) consist of hollow vesicles, the cavity of 
which is occupied by a cuticular lens (1). The front wall consists 
of a layer of somewhat cubical epithelial cells lying immediately 
beneath the cornea (cor), and the hinder wall is much thickened, 
consisting of retina (.^e) and of pigment (pi.r). The optic 
ganglion is closely applied against the pigment. The cuticle 
over the eye is thin and transparent and lies immediately over 
the epidermis which here constitutes the comeal epithelium. 
The eye is developed as an invagination of the embryonic brain 
while it is still part of the ectoderm, and its connexion with the 
brain by means of the optic nerve is a persistent remains of this 
primitive connexion. 

The skin is formed of three layers. (1) The cuticle. (2) The 
epidermis or hypodermis. (3) The dermis. 

The cuticle is a thin layer. The spines, jaws, and claws are 
special developments of it. Its surface is not, however, smooth, 
but is everywhere, with the exception of the perioral region, 
raised into minute secondary papillae, which in most instances 
bear at their free extremity a somewhat prominent spine. The 
whole surface of each of the secondary papillae just described is 
in its turn covered by numerous minute spinous tubercles. 

The epidermis, placed immediately wi thin the cuticle, is 
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compoaed of a single layer of cells, which vary, however, a good 
deal in size in different regions of the body. The cells excrete 
the cuticle, and they stand in a very remarkable relation to the 
secondary papillae of the cuticle just described. Each epidermis 
cell is in fact placed within one of tliese secondary papillae, so 
that the cuticle of each secondary papilla is the product of a 
single epidermis cell. The pigment which gives the character¬ 
istic colour to the skin is deposited in the protoplasm of the 
outer ends of the cells in the form of small granules. 

At the apex of most, if not all, the primary wart-like papillae 

there arc present oval aggre¬ 
gations, or masses of epider¬ 
mis cells, ea4.*h such mass 
being enclosed in a thickish 
capsule and bearing a long 
projecting spine. 7'hese 
structures are probably 
tactile organs. In certain 
regions of the body they 
are extremely nuniorous; 
more especially is tins the 
case in the antennae, lips, 
and oral papillae. On the 
ventral surface of the peri¬ 
pheral rings of the tliicker 
sections of the legs tliey are 
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also very thickly set and 
fused togetlicr so as to form 
a kind of pad (Figs. 336 
and 337). In the antennae 


they are thickly set side by side on the rings of skin which 
give such an arthropodan appearance to these organs in 


I\ ripatus. 

The apertures of the tracheal system are placed in the depres¬ 
sions between the papillae or ridges of the skin. Each of them 
leads into a tube, which may be called the tracheal pit (Fig. 341), 
the walls of which arc formed of epithelial cells bounded towards 
the lumen of the pit by a very delicate cuticular membrane con¬ 
tinuous with the cuticle covering the surface of the body. The 
pits vary somewhat in depth ; the pit figured was about 0 09 mm. 
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MUSCTJIiAR AND VASCULAR SYSTEMS. 

It perforates the dermis and terminates in the subjacent muscular 

layer. , . 

Internally it expands in the transverse plane and from the 

expanded portion the tracheal tubes arise in diverging bundles. 

Nuclei similar in character to those in the walls of the trachea 

pit are placed between the tracheae, and similar but slightly more 

elongated nuclei are found along the bundles The tracheae arc 

minute tubes exhibiting a faint transverse stnation which is 

probably the indication of a spiral fibre. They appear to branch, 

but only exception- » 

ally. The tracheal 
apertures are diffused 
over the surface of 
the body, but are ^ 

especially developed in 
certain regions. 

The general muscu- 
lar system consists of 
—(1) the general wall WfM 

of the body ; (2) the 

inuBcles connected 
with the mouth. 
pharynx and jaws; 

(3) the muscles of the 

feet j (4) the muscles ^ ^ irachcai pit. 

of the alimentary , , • r \ f\\ nn 

tract The muscular wall of the body .s ormed of-(l) an 

external layer of circular fibres ; (2) an internal layer of lonKdu- 

d^^rmuseles. The main muscles of the body are unstnated 

tnd divided into fibres, each invested by a deheate 

The muscles of the jaws alone are transversely striat^. 

The vascular system consists of a domal tubular heart with 

nair^ ostia leading into it from the pericardium, of the pencar- 

dium and the various other divisions of tl.e perivisceral cavity 

(Fin 346 D) As in all Artluopoda, the perivisceral cavity is a 

haemocoele ; i.e. it contains blood and forms 

system. The heart extends from close to the hind end of the 
the head. There do not appear te be any definite 

blood-veaselB, other than the heart. 

The body cavity » formed of four compartments—one central, 
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two lateral, and a pericardial (Fig. 345 D). The former is by 
far the largest, and contains the alimentary tract, the generative 
organs, and the slime glands. It is lined by a delicate endo¬ 
thelial layer, and is not divided into compartments nor traversed 
by niuH<tular fibres. The lateral divisions are much smaller than 
tlio central, and are shut off from it by the inner transverse band 
of muscles. They are almost entirely filled with the nerve-cord 
and salivary gland in front and with the nerve-cord alone behind, 
and their lumen is broken up by muscular bands. They further 
eordain the nephridia. They are prolonged into the feet, as is 
t lie embryonic body eavity of most Arthropoda. The pericardium 
contains a peculiar cellular tissue, probably, as suggested by 
Mo.seley, equivalent to the fat-bodics of insects. 

Nephridia arc present in all the legs, excepting those of the 
segment bearing the genital opening. Most of them are con¬ 
structed in a very similar manner, while the two pairs situated 
in the fourtli and fifth pairs of legs arc considerably larger than 
tluise behind, and arc in some respects very differently con¬ 
stituted. and the first three pairs show some reduction. 

A tu'phridiuni from the ninth pair of legs of PeripcUiLS capensis 
is repri'sented in Fig. 342. The external opening is placed at 
tln' inner end of a transverse groove (coxal organ) at the base 
of one of the legs, while the main portion of the organ lies in the 
body e.ivity 5n the base of the leg, and extends into the trunk to 
about the level of the outer edge of the nerve-cord of its side. 

r vternal opening (o.s) leads into a narrow tube (^.d), which 
gnulually dilates into a large sac (s). The narrow part is lined 
by small epithelial cells, which are directly continuous with and 
jx rfeetiy similar to those of the epidermis. The sac itself, which 
forms a kind of bladder or collecting vesicle for the organ, is 
provided >\ith an extremel 3 ' thin wall, lined wuth very large 
tiattened JclJs. The second section of the nephridium is formed 
by the (•oil<;d tube, the epitlielial lining of which varies slightly 
in tlie different parts. The third section (s.o.f), constitutes the 
most distinct portion of the whole organ. Its walls are formed 
of columnar cells almost filled by oval nuclei, which absorb 
colouring matters with very great avidity’, and thus render this 
part extremely conspicuous. The nuclei are arranged in several 
rows. It ends by opening into a vesicle (Fig. 346 Z>), the wall 

which is so delicate that it is destroy'ed when the nephridium 
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is removed from the body, and consequently is not shown in 
Fig. 342. This internal vesicle was discovered by Sedgwick 
and is knovra as the end-sac. Its discovery was of consider¬ 
able morphological importance not only because it cleared up 
the question of the arthropod body-cavity, but also because 
it threw considerable light upon the general theory of the 
coelom. 

The fourth and fifth pairs are very considerably larger than 
those behind, and are in other respects peculiar. The great 
mass of each organ is placed behind the leg on which the external 
opening is placed, immediately outside one of the lateral nerve- 
cords. The external opening, instead of being placed near the 


base of the leg, is placed 
on the ventral side of or 
in close relation with the 
proximal spiniferous pad. 
It leads into a portion 
which clearly c o r r ^ - 
spends with the collect¬ 
ing vesicle of the hinder 
nephridia. This part is 
not, however, dilated into 
a vesicle. The three pairs 
of nephridia in the three 
foremost pairs of legs are 
rudimentary, consisting 
solely of a vesicle and 
duct. The salivary glands 



Fto. 342 .—Nephridium frocn the 3lh iMUr of le^s uf 
P. otptnHs. 0.9 EvUruftl opening of tegmciiUl 
d^rgau ; p./ Internal opening of ncphridluin Into 
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third i>ortlon of nephridiuin broken off at p./ from 
the Internal veside, which U not shown (sftoi 
^four). 

are the modified nephridia of the seg¬ 


ment of the oral papillae. 

The crural glands arc seen at their simplest in P. capensis, in 
which they are present in both sexes and in all the legs except 
the first. They open externally to the nephridia (except in 
legs 4 and 6) and consist of a glandular vesicular body contained 
in the pedal compartment of the body cavity and communicating 
with the exterior by a narrow duct. They are absent in P. 
notxie-zealandiae and novae britanniae. As a rule they are only 
present in the male. There may be two pairs of them in each 
log and their opening is often placed on a prominent papilla (many 
I^gB of the neotropical species, last Isg in male of Capo species, 
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Generative Organs. The male organs (Fig. 343) consist of 
a pair of testes (U), a pair of vesicles (v), vasa deferentia (v.d), 
and accessory glandular tubules (/). All the above parts lie in 
the central compartment of the body cavity. In P. caperisis 
the crural glands of the last (17th) pair of legs are enlarged and 
prolonged into an elongated tube (a.g) placed in the lateral com¬ 
partment of the body cavity. The right vas deferens passes, 
in P. MpeTisis, under both nerve-cords to join the left, and 
form the enlarged tube (p), which, passing beneath the nerve- 
cord of its side, runs to the external orifice. The enlarged 



>1 i < -Mrtio Vi? i f Pen'^atiu vli*wp<l ftt'ni the dorsal iurlacc 

Ualf'ur;. a*; Bfd.irci d cniral phnidsi last |>alr Itpn ; FAQy 17, lost pairs ol 
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terminal ]iortion jms-si-sst's tlnrk muscular walls, which serve 
for the otnision «>f tlie .'^[fiTinatophorcs. In some specimens 
a different iirramretn. nt cihtains. in tliat the left vas deferens 
passes under bu'.h m i ve-eojd.^ t«* join the right. The length of 
the unpaired part of tlic vas ileferi-na varies considerably in 
length in the different gn.up.s of .speeies. In tlie Cape species 
it is of no great lengtln ami tlie ;h l•.•^^;orv glands open into its 
terminal portion. In otlier .spei ies ilii'se glaitds open directly 
to the exterior and inde|»eTulei^(ly of the vas deferens. The 
spermatozoa* are long and threail like. The head tapers at 
• T. H. Montgomery. ZoA. J<thrb. 14, p. 277 
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its free end, and its other end is prolonged, without any diminu¬ 
tion in thickness, as the tail. 

Female. —Tlie ovaries (Fig. 343 bis) consist of a pair of tubes 
closely applied together, and continued posteriorly into the 
oviducts. The oviducts, after a short course, become dilated 
into the uteruses, which join behind and open to the exterior 
by .the median genital opening. The two ovaries are bound 
together in a common muscular slieath and are connected to the 
floor of the pericardium in the posterior part of the body cavity 
either by a cord (the funicultis, 1) proceeding from their morpho¬ 
logical front end (end remote from entrance of oviduct), or along 
their whole length by a kind of mesentery. In P. ThoUoni and 
-a few neotropical species the ovaries are unattached and float 
freely in the body-cavity. The ova are produced by the epi¬ 
thelium of the ovarian tubes {^endogenous, as in the neotropical 
species. Fig. 343 bis) or are developed in follicular out¬ 
growths of the ovaries (exogeTwtiS, as in the Cape, Australasian 
and New Britain forms). Occasionally the ovarian tubes com¬ 
municate ; this is carried furthest in the Malayan species in 
which they are completely united to form one ovarian sac. In 
P. Tholloni the opposite extreme is found, the ovaries as well 
as the oviducts being entirely separate from one another. Except 
in the last named species the oviducts are always united at 
their point of junction with the ovary. 

The ovaries often contain spermatozoa, some of which project 
through the ovarian wall into the body-cavity, so that the ovary 
has almost a hairy appearance in freshly dissected specimens. 
Spermatozoa are not found in the uterus and oviducts and it is 
not known how they reach the ovaries or receptacula seminis 
(see below). In most of the species there is a globular recep- 
taculum seminis (4) opening by two short ducts close together 
into the oviduct, and in the neotropical and Malayan species 
and in P. ThoUoni there is a small receptaculum ovorum with 
extremely thin walls opening into the oviduct by a short duct 
just in front of the receptaculum seminis (Fig. 343 his, 3). The 
epithelium of the latter structure is clothed with actively moving 
cilia, at least in the neotropical species. The receptacula 
seminis usually contain spermatozoa which are then absent from 
or sparse in the ovaries. In Neo-Peripatus eggs are present in 
the receptacula ovorum. 
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External sexual difTercnccs (p. 576) are sometimes afforded 
by the shape of the genital opening and son.etnnes by 
iugs of the aceessory glands of the male. In many 
apertures of the crural glands, or of some of them are placed on 
eLrged white papUlae. Tliis occurs on the last leg of the mde 
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they seem to be able to perceive 


336), in some of the Aus¬ 
tralasian and in most neo- 
tropicol species. 

Habits.* In their natural 
haunts they form exceed¬ 
ingly beautiful and surpris¬ 
ing objects. Tliey live be¬ 
neath the bark of rotten 
stumps of trees, in the 
crevices of ro<'k, and be- 
neatii stones. They require 
a moist atmosphere, and 
are exceedingly susceptible 
to drought. They avoid 
light, and are tlicreforc 
rarely seen. They move 
with great deliberation, 
picking tlieir course by 
means of tiieir antennae 
and eyes. It is by the 
former that they acquire a 
knowledge of the ground 
over wlueh they arc travel¬ 
ling, and by tlie latter 
that they avoid the light. 
The antennae are extra¬ 
ordinarily sensitive, and 
so delicate, indeed, that 


the nature of objects without 
.ctual contact. When irritated they eject with considerable 
orce the contents of their slirne reservoirs from the oral papillae. 
Che force is supplied by the sudden contraction of the muscular 
t)ody wall. They can squirt the slime to the distance of almost 


• Tlioa. St4>el, Proc. Lin. Soc. New S. Wales, 1890, p. 04. 
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a foot. The slime, which appears to be perfectly harmless, is 
extremely sticky, but it easily comes away from the skin of the 
animal itself. Hutton describes tlie New Zealand species as using 
this apparatus for the capture of prey. It appears also to be used 
as a defensive weapon. They will turn their heads to any part 
of the body which is being irritated and violently discharge their 
slime at the offending object. Locomotion is effected entirely 
by means of the legs, with the body fully extended. 

Of their food in the natural state we know little ; but it is 
probably mainly, if not entirely, animal. Hutton describes his 
specimens as sucking the juices of flics which they had stuck 
down with their slime, and Steel describes their consumption of 
woodlice, tormitc.s, etc. Tliosc kept in captivity eagerly devour 
tlie entrails of their fellows, and the developing young from the 
uterus. Tliey also like raw sheep’s liver. They move their 
mouths in a suctorial manner, tearing the food with their jaws. 
They have the power of extruding their jaws from the mouth, 
and of working them alternately backwards or forwards. This 
is readily observed in individuals immersed in water. Tliey do 
not oat one another, nor do they attack their young even when 
kept w itliout food. They are often found together and appear 
to live in perfect liarinony. Tliey are exceedingly local in their 
occurrence and arc rarely found in numbers. They cast their 
skin at irregular intervuLs and the moulted cuticle is often eaten. 
When kept in captivity they will creep at night through the 
smallest aperture and so escape. 

Breeding. Almost all spcc-ics are viviparous, but one or two 
of the Australasian species are normally oviparous and lay eggs 
with a sculptured shell. All Australasian speeies come near to 
laying eggs, inasmuch os the eggs arc large, full of yolk, and 
enclosed in a shell; but, excepting the species referred to, 
development takes place in the uterus, though, abnormally, 
incompletely developed eggs are extruded. 

The young of P. cupeiisia are bom in April and May. They 
are almost colourless at birtli, excepting the antennae, which are 
green, and their length is 10 to 16 mm. A large female will 
produce thirty to forty young in one year. The period of gesta^ 
tion is thirteen months, that is to say, the ova pns.s into the 
oviducts about one month before the young of the preceding year, 
all of which are practically of the same age, are bom. They are 
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bora one by one, and it takes some time for a female to get rid 
of ber whole stock of embryos ; in fact, the embryos in any given 
female differ sUghtly in age, those next the oviduct being a 
little younger (a few hours) than those next the vagina. The 
mother does not appear to pay any special attention to her 
young, which wander away and get their own food. There 
does not appear to be any true copulation. The male deposits 
small, white, oval apermatophorea, which consist of small 
bundles of apermatozoa cemented together by some glutinous 
substance, indiscriminately on any part of tlie body of the female 
and indeed of the male. Such spcrmatophores are found on 
the bodies of both mules and femal€^9 from July to January, 
but they appear to bo most numerous in the autumn. It has 
been suggested that the spermatozoa make their way from the 
juihcrent a[K*rmatophore through the body wall into tlic body, 
and so by traversing the tissues reach the ovary ; but having 
regard to the thickness and the toughness of the skin and the 
absence of any cutaneous secretion capable of dissolving the 
coat of the 8p<*rinatophoro, it seems unlikely that this should 
occur. We therefore venture to make the suggestion, though 
we eann<U offer any facts in support of it, exoe])t the swallowing 
of the cuticle above mentioned, that tlie creatures lick the 
S£»erumlopl\oics ofl their bodies or otherwise devour tlicm and 
riiiir Li'.r spermatozoa are set free in the stomach and make thcjr 
wav through its soft walls and through the body cavity to the 
or r(veptacu!um Hcnnnis. The testes are active from 
June to the following March. From March to June the veaiculac 
the male are empty. In some species (.Australasian, neo- 
t. ffpi'-al etc.) the Bperrnatopluvres are large and liave horny 
casus ; nothing is known n.s to their deposition. 

Whereao in the Cape species embrj'os in the same uterus arc 
all practically •>( the same age (except in the month of April 
when two hroisis «*verlap in P. capi’Tusia), and birtli takes place 
at a fixed season ; in other speches the uterus, which is always 
pregnant, contains embryos of ditferent ages, and births take 
place all the year round. In all species of Pcripalus the young 
are fully formed at birth and differ from the adult in little more 
than in size and colour The number of spiniferous rings on the 
antennae appears to increase by intercalation after birth and it 
is possible that there may be other slight additions, but speaking 
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generally the perfection of the animal at birth is a feature which 
pre-eminentiy distinguishes our genus and in which it is excelled 
by no other animal. 

Development.— Peripaius is found in Africa^ in Australasia, 
in South America and the West Indies, in New Britain, and in 
the Malay Peninsula and Sumatra. The species found in these 
various localities are closely similar in their anatomical charac¬ 
ters, the principal differences relating to the structure of the 
female generative organs and to the number of the legs. They 
differ, however, in the most striking manner in the structure of 
the ovum and in the early development. In all the Australasian 
and Malayan species the egg is large and heavily charged with 
food-yolk, and is surrounded by a tough membrane. In the 
Cape species the eggs are smaller, though still of considerable 
size ; the yolk is much less developed, and the egg membrane is 
thinner though dense. In the New Britain species the egg is 
still smaller (1 mm.), and there is a large trophic vesicle. In 
the neotropical species the egg is minute, and almost entirely 
devoid of yolk. The unseginented uterine ovum of P. itovat- 
zcalandiae measures 1‘6 mm. in length by *8 mm. in breadth ; 
that of Eoperipaltts Weldoni about 1 mm. in its longest dia¬ 
meter ; that of P. capensis is ‘56 mm. in length ; and that 
of P. trinxdadenaia 04 mm. in diameter. In correspondence 
with these differences in the ovum there are differences in the 
early development, though the later stages are closely similar. 
The development has been worked out in P. capenaia, to 
which species the following description refers. The ova are 
apparently fertilized in the ovary, and they pass into the 
oviducts in April and May. In May the brood of the preced¬ 
ing year are bom, and the new ova, which have meanwhile 
undergone cleavage, pass into the uterus. There are ton to 
twenty ova in each uterus. The segmentation is peculiar, and 
leads to the formation of a solid gastrula, consisting of a 
cortex of ectodermal nuclei surrounding a central endodermal 
mass, which consists of a much-vacuolated tissue with some 
irregularly-shaped nuclei. The endoderm mass is exposed at one 
point—the blastopore (gastrula mouth). The central vacuoles 
of the endoderm now unite and form the enteron of the embryo, 
and at the same time the embryo elongates into a markedly oval 
form, and on opacity—the primitive streak—appears at the 
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hind end of the blastopore (Fig. 344 B). This elongation of 
the embryo is accompanied by an elongation of the blastopore, 
which soon becomes dumb-bell shaped (Fig. 344 C). At the 
same time the mesoblastic somites (embryonic segments of 
mesoderm) have made their appearance in pairs at the hind end, 
and gradually travel forward on each side of the blastopore 
to the front end, where the somites of the anterior pair soon 
meet in front of the blastopore (Fig. 344 D). Meanwhile the 
narrow middle part of the blastopore has closed by a fusion 
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of its lips, so that the hlastoporo is rcprc.scntod by two 
(•penings, the future mouth and anus. A primitive groove 
makes its appcaraiv e behind the ])lastopore (Fig. 344 D). At 
this stage the Innd end of the body becomes curved ventrally 
into 0 spiral (Fig. 344 E), and at the same time the appendages 
appear ns hollow processes of the body wall, a mesoblastic somite 
being prolonged into eaeh of them. The first to appear are the 
antennae, into which the praeoral somites are prolonged. The 
remainder appear from before baekunrds in regular order, viz. 
jaws, oral papillae, legs 1-17. The full number of somites and 
their a]*pendnges is not. however, eomph'ted until a later stage. 
The nervous system is formed as an annular thickening of ecto- 
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derm passing in front of the moutii and behind the anus, and 
lying on each side of the blastopore along tlic lines of the somites. 
The pracoral part of this thickening, which gives rise to the 
cerebral ganglia, becomes pitted inwards on each side (Fig. 344 
Fy c.g). These pits arc eventually closed, and form the hollow 
ventral appendages of the supra-pharyngeal ganglia of the adult 
(Fig, 339, d). The lips are formed as folds of the side wall of the 
body, extending from the praeoral lobes to just behind the jaw 
(Fig. 344 F, L). They enclose the jaws (/), mouth (M), and 
opening of the salivary glands (o.s), and so give rise to the buccal 
cavity. The embryo has now lost its spiral curvature, and 
becomes completely doubled upon itself, the hind end being in 
contact with the head (Fig. 344 G). It remains in this position 
until birth. The just-born young are from 10-15 mm. in length 
and have green antennae, but the rest of the body is either quite 
white or of a reddish colour. This red colouring matter 
differs from that of the adult in being more soluble in spirit. 

The mesoderm is entirely formed from the proliferated 
ectoderm of the primitive streak, which closely resembles that 
of the vertebrata. 

The mesoblastic somites are paired sacs formed from the 
anterior lateral portions of the primitive streak (Fig. 344 C). 
As they arc formed they become placed in pairs on each side of 
the blastopore. The somites of the first pair eventually obtain a 
position entirely in front of the blastopore (Fig. 344 D). They 
form the somites of tlic praeoral lol>C8. The full complement of 
soinit^ IB acquired at about the stage of Fig. 344 E. Ihe 
relations of the somites are sliown in Fig. 345 A, which represents 
a transverse section taken between the mouth and anus of an 
embryo of the stage of Fig. 344 D. The history of these 
somites is an exceedingly interesting one, and may be described 
shortly as follows : Tliey divide into two parts—a ventral part, 
which extends into the appendage, and a dorsal part (Fig. 345 
E). The ventral part acquires an opening to the exterior just 
outside the nerve-cord, and becomes entirely transformed into 
a nephridium (Fig. 345 />, 2'). The dorsal part shifts dorsal- 
wards and diminislics relatively in size (Fig. 346 C). Its fate 
differs in the different parts of the lK>dy. In the anterior .somites 
it dwindles and disappears, but in the |>ostcrior part it unites 
with the dorsal divisions of contiguous somites of the same 
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side, and forms a tube—^the gencfrative tube (Fig. 345 D, 2). 
The last section of tbia tube retains its connexion with the 
ventral portion of the somite, and so acquires an external open¬ 
ing, which is at first lateral, but soon shifts to the middle line 
and'fuses with its fellow, to form the single generative opening. 
The praeorai somite develops the rudiment of a nephridium, but 
eventually entirely disappears. The jaw somite also disappears ; 



Pio. 346.—A Mries ot dlAgmim of transvena sectloni thioogh Pmp^ 
the wUtionB of the coelom at soccesaive stages (after Sedgwek). A, eaiiy sta^. , 
2 mosoWasUo somite: no trace of tbs vascuUr space; endod^ and ecto«m m 
contact. B, esdoderm has separated from the dorsal and rentnd ectodenn. The somw » 
roprosentttf as havlog divided on the Isft side into a dorsal “d 
2 somite; 8 hsemocoele. C, The baemoooele (3) has become, divided op into 


to the gut. The ventral portion (if) uas assuroM • *uui^ 

an external opening. The intcmsl vesicle to already indicated, and to atown In tbedUgnm 
by the thinner black line: 1 gut; 2' ncphridlal part of coelom; 8 haamoe^ : 8 Mn 
of haemocoelo which wiU form the lieott—the port of the haemo^le on ea^ side of 
wOl form the porlcaidlum; 4n«rve-cofd. nropresentsthoooodlUwatthetimoofb^, 
numbers as InC. except 6, sllmo glands. The coelom to repreaented m surroimd^ by A 
Uilck black line, except la the part which forms the intetDal Teslcle of the aephiidliiiii. 


the somites of the oral papillae form ventrally the salivary glands, 
which are thus serially homologous with nephndia. The peri¬ 
visceral cavity of Peripatus is, as in all Arthropoda, a haemocoelo. 
Its various divisions develop as a series of spaces between the 
ectoderm and endoderm, and later in the mesoderm. The 
mesoderm seems to be formed entirely from the proliferation of 
the cells of the mesoblastic somites. It thus appears that in 
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Peripaius the coelom does not develop a perivisceral portion, 
but gives rise only to the renal and reproductive organs. 

Peripatos Guilding. Soft-bodied vermiform ammals, with one pair of 
nng^ antennae, one pair of jaws, one pair of oral papillae, and a varv-ing 
number of claw-bearing ambulatory legs. Dorsal surface arched and 
more darkly pigmented than the flat ventral surface. Skin transversely 
ridged and beset by wart-like spiniferous papiUae. Mouth anterior, 
ventral; anus posterior, terminal. Generative opening single, median, 
ventral, and posterior. One pair of simple eyes. Brain largo with two 
ventral hollow appendages ; ventral cords widely divaricated, without 
distinct gtmglia. Alimentary canal simple, uncoiled. Segmentally ar¬ 
ranged. paired nephridia are present. Body cavity is continuous with the 
^cular system, and- does not communicate with the paired nephridia. 

eart tubular, with paired ostia. Respiration by means of tracheae, 
^oocious; males smaller and generally less numerous than females. 
Generative glands tubular, continuous with tho ducts. Viviparous 
(except two or throe of the Australasian species), tho young being bom fully 
developed. They shun the light, and live in damp places boncath stones, 
eavo 0 » and bark of rotten $tutnp8. They eject when irritated a viscid 
fluid through openings at the apex of the oral papillae. 

Distribution : South Africa, Australasia (Australia, N. Zealand, Tos* 
mania), New Britain, Soutli America and West Indies, Malaya (Malay 
Peninsula and Sumatra), Equatorial Africa^^ and Chili. 

The species, of wliich bctw<*on 50 and 00 are known, full into seven dis¬ 
continuous geographical groups, tho members of which arc more closely 
related to each other than to those of cny other group. Although wo 
deprecate as unnecessary tho elevation of these groups in the present state 
of knowledge to tho rank of gc^nera, wo think that it wo\ild bo convenient 
to give them names which woukl connect them with their respective 
geographical areas. Tlio names and distribution of those groups, 
together witli tho generic namen which have been applied to them by 
various authors are as follows :— 

Neo-PeripatUS (PeripaUi^). Nootropi<'aI Region (West Imlios and 
America from Mexico in tho North to Rio de Janeiro in tho South). 29 

spooios. 

Congo^Perlpatus {Mej^opcrij^alus Evans). Congo district in West Africa. 

1 species. 

Eo^PsrlpatUS {B<^>eripatus Evans). Mulaya (Malacca and Sumatra), 

4 species. 

Capo^Perlpatus (including Peri/Hilopsts Pocock and Opi^tkopaius Purcell). 
South Africa (Natal to Capo Tow'n). 7 spocics. 

Hsiaoo^PsrlpatUS {Paraperipatus Willey). Melanesia (Now Britain 
1 spocios. 

Auitro*PsrlpalUS (Ptripatoidts Pocock and Ooperipaiun Dondy), Aus* 
tralosia (Australia, Tasmania, New Z<*nland). 8 sjhm'Ics. 

Chillo-Perlpatus {OpitihopaixiA Bouvior). Chili. I spociofl. 

N.13,—q'lio characters marked with an • are peculiar to tho group in 
which it is found. 

Nss^PsrlpatUS is generally distrihute<] in tho neotropical Region from 
Rio da Janeiro to Mexico and in tho West Indian Islands. West of the 
Andos Ite southern limit appears to be Bolivia. Tho species on the high 
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plateaux and weelem elopes of the Andes (Andean) differ in certain jwints 
from the others (Caribbean). Its characters are : (1) The number of logs 
(23-43 pairs) is variable in the same species. (2) The inner jow-bl^e hw 
a diastema and a saw of denticles. (3) Legs with 4-7 spinous pods. (4) 
Ncphridial openings of legs 4 and 6 on the proximal “f® P“; 

either attached to it or separate from it. (6) Feet with 3 (Cnnbbean) or 
from 4-7 (Andean) distal papillae. (0) The genital opening is between the 
legs of the penultimate pair. (7) The oviduct is provided with a ro^p- 
taculum seminis which conUins spermatozoa and has 2 ducts, and with a 
rcccptaculum ovorum. (8) The ovary is endogenous. («) The ova are 
minute ( 04 mm. in diameter). (10) Embryos in the same utonis of all 
ages (11) Unpaired part of vas deferens long. (12) Spermat^pboros 
elongated and with a thick case. (13) Skin-pigment browmish and 
affected by alcohol. (14) Legs with well-developod coxal organs. (15) 
Crural glands on many legs in the males. (16) Accessory glands of the 

male open separately at the sides of the anus. 

The species of this group are ven.- constant in the characters mentioned 
except in those of the legs and foet. This is an interesting point coi^idonng 
the wide area over which they range and the diverse conditions to which 

they aro subjected. . r i. 

The principal species are : Andean, eciiadorcnsui Bouv.. LankMUrt 

Bouv.. luberculatuji Bouv., quitensis Schmnnla. Cameranot Bouv.. Luent 
Wheeler, etc. ; Carihl>can. jamaicensu Grab, and Cock., ScdquHcln Bouv., 
iiUiformis Guilding. irinidad.tusu Sedgw.. Edwanhii Blanchard, etc. 

Congo-Peripatus. A single Hpccies. P. Thotloni. has beem described by 
Bouvicr from the French Congo. It is qmto diatmct from the other 
.African PcripaHnt and must be regarded ns a distinct typo. Hs cha¬ 
racters are : i\) Number of legs (24-27 pairs) variable in the same spccjce^ 

(2) Inner jaw with o diastema and a saw of denticles. (3) U'gs with J 
spinous p.uls. (4) Ncphridial openings of legs 4 atui .'i on the proximal 
side of the 3rd ptul and attoched to it, {',) Pvi't with 3 distal papillae 
(2 in front ami I behind), (ti) Genital o|H-niiig between the legs of the 
penultimate pair. (7) Ovi.luot with a reccptacuhim seminis with - 

and a re<-eptacula ovorum. (8) Charnctor of ovary not descn^tl. (U) 
Ova minute, but sizo not determined. (10) Ihcrinn ernhryiw difTer rnueh 
in age;* those near the genital opening lie in a large uterine dilatation. 
(11) Unpaircfl part of \ as deferens long. (12) ? ( 13 ) Skin-p»gmont 

brownish. afTecU'd by alcohol. (14) U-gs witli well-dovoloped coxal organs. 
(15) Crural glands in the two pairs of legs preceding the genital legs in the 
male. op.*n on papillae. (16) Access..ry glands of the male open in front 
of the anus in n common furrow. In additi<*n to these iharnrterB lO 
oviducts and ovaries arc completely separate from one another, a feature 
found in no other spccUs. This coinhinuli.m of eharncters is unique and 
there is no reason why tlio species should ho associated with Nco-reripntus 
as has been done l)y Bouvicr. 

EO'Peripatus. Malacca (3 species) and Sumatra (I species). 1 »> 
clmrnoters are : (1) Numl>or of legs (23-25 pairs) usually vnriah o m the 
same spooios. (2) Inner jaw with o diastema and saw of dentielw. 

(3) Legs with 4 spinous pads. (4) * Ncphridial openings of logs 4 and 0 
cither in the proximal pml or proximal to it. (f*) • lAx't with two distal 
papillae. (6) Genital opening between the legs of the pemiUimole pair. 

(7) Kecoptacula seminis w ith 2 duct.s, and re.-eptoeiila ovorum are prtwnt. 

(8) Ovary exogenous. (H) Ovo largo and lienMiy yolkixl (about 1 mm. 
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in longest diameter). (10) Uterine embryos of all ages, (ll) Unpaired 
part of V08 deferens long. (12) Spermatophore elongated, without a 
homy coat, but with a homy cap atone end- (13) Skin pigment brownish, 
not stated to be affected by alcohol. (14) Legs with weU-developed coxal 
organa. (16) Crural glands in the male in the two pairs of legs preceding 
the genital opening, without papillae. (16) Accessory glands of the male 
open between the legs of the last pair by a common opening. In addition, 
the ovaries are completely fused and contain one spacious cavity, a char^- 
ter found in no other group of species* This group of speciee is specially 
interesting in possessing a large yolked ovum, a most important charact^ 
and foimd elsewliero only in Austro-Peripatus. It is more clearly marked 
off from other species than any of the groups. The speciee are P. Weidonx, 

P. HoTSti, P. Duderi, and P. tumatranus. 

MeUno^Perlpatus. New Britain (1 species, P. novae-brUanniac). The 
characters are : (1) Number of legs (22-24 pairs) is variable in the speciee. 
(2) The outer jaw is without a minor tooth, and the inner jaw has no 
diastema or saw. ( 3 ) Logs with 3 spinous pads. ( 4 ) Nophridial openings 
of logs 4 and 5 on the proximal pad. ( 6 ) Foot with 3 distal papillae, one 
of which is anterior, one dorsal, and one anterior. ( 6 )* Gcmtal opeiung 
subterminal, behind the legs of the last pair. (7) Oviduct with a iwep- 
taculum seminis with 2 ducU, without a receptaculum ovorum. ( 8 ) Ovary 
exogenous. (9)* Ova of medium size ( I mm. in longest diameter) (with 
little yolk). (10) Embryos of all ages in the same uterus. (11) Unpaired 
part of VOS deferens very short, almost obsolete. ( 12 )* bpermatophores 
absent. (13) Skin-pigment black, apparently not effected by spirit. 
(14) Legs without well developed coxal organs. ( 16 ) Crur^ glands 
absent. (10)* Accessory glcmds of the male open medianly and dorsally 
near tlie hind end. The interesting point about this species is that though 
occurring so near to Australia, it differs absolutely from Austro-Penpatus 
in the character of its ovum. 

Oapo-Peripatos. Natal and Cape Colony. Seven species are known. 
The characters are ; (I) Number of legs (16-26 pairs) is variable when the 
number of progenital legs exceeds 19 pairs. (2) Outer jaw with one minor 
tooth, inner jaw without diastema or saw. (3) Legs with 3 spmous pads. 
(4) Nephridial openings of legs 4 and 6 on the proximal pad. (6) Foet 
with 3 distal papUloo, two anterior and one posterior, except m cxncttpes 
in which the anterior papUla is dorsal ; and except in cxncitpca there are 
2 papUlae at the base of the foet (Fig. 336). (6) Oenital opening between the 
le^ of the last pair, which show a tendency to reduction and ore some¬ 
times obsolete (P. eapenris). (7)* Becoptacula seminis and ovorum 
absent except in dnetipes in which there is said to be a minute tra^ of 
reoeptacula seminis. (8) Ovary exogenous. (0)* Ova comparatively 
large and with but little yolk (-66 in greatest diameter in capensw, 4 mm. 
in Bal/ouH, probably about 2 mm. in cinctipes). (10)* Uterine embrjos 
of nearly the same ago ; they differ most in cinctipes, in which however 
the difference is not very great. (II) Unpaired part of vas deferens short. 
(12) Spormatophoree small, oval, with a thin coat. (13) Skin-pigment 
niainly blue* greens or black, not affoctod by spirit. (14) Coxal organa 
variable ; uaually not well developed ; in P. Stdguncki and MoscUyt thoy are 
moderately and in P. einciipts well developed. (15) Crural glands pre¬ 
sent in must legs of both sexea, except poasibly in P . einciipta. (10) l\\o 
accessory glands of the male open into the terminal port of the vaa deferena, 
oxcept in P, cinctipes in which they open soparutcly between the anua 
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and the genital opening. The group is interesting for presenting a greater 
variation in structure than any other group. This variotion loaches its 
inaxin.um in cinclipes hut is not suflicient in our .opinion to justify the 
sepal ptior of this form from the rest. The following species may be men¬ 
tioned : P. ropeneis Grube. with 17 frarely 18) pairs of logs ; P. Dalfouri 
Sedgwick, with 18 (rarely) 10 pairs ; P. Mnoeleyi Wood-Mason, with 20-24 
pairs ; and P. {Opi»thopatu» Purcell) cinetipe« Purcell with 16 pairs. 

Aus(rO'*PsrlpatQS. Australia (W. and E.), Tasmania, New Zealand. 
Eight species are known. ' The characters are : (1 )• The nurobor of legs 
(14 to 16 pairs) is constant in the same species. (2) Outer jaw without 
minor tooth or with one or more minor teeth ; the inner jaw is without a 
diastema or saw of denticles. (3) The legs have 3 spinous pads. (4) 
Nijphridial openings of legs 4 and 5 on the proximal pads. (5) Feet with 
3 dii'tal papillae (one anterior, one dorsal, and one posterior), except in 
P. Sute^ in which there may be 3 or 4. (6) The genital opening is 

between the legs of the last pair which are normally developed. (7) The 
oviduct has a receptaculum seminis with 2 ducts, but has no recoptacula 
ovorum. (8) Ovary is exogeneous. (9) Ova very large (I’6 to 2 mm. in 
longest diameter) and heavily yolk^. (10) Uterine embryos of very 
ditierent ages or about the same age. (11) Unpaired part uf vas deferens 
long. (12) Spermotophore elongated, with a thick case. (13) Skin 
pigment muinly black, blue, green, or browr, unaffected or but slightly 
ejected by spirit. (14) Legs without well developed coxal organs. 

(lu) Crural glands present in some species, absent in others; when present, 
in the males only. (16) Accessory glands of the male opening separately 
betneen the onus and genital opening. On the whole this group of species, 
which has a considerable range, presents but little variation. There is 
a little variation in the outer blade of the jaw, in the pedal papillae, in the 
relativn ages of tho embryos in the same uterus, and in the crural glands. 
Also in 3 spociea the oviduct opens at the end of a papilla—tho ov ipositor. 
Ibis character is associated in two of the three species (and possibly in 
tho third) with an oviparous habit and n sculptured egg-shell. The only 
poculiar character is No. 1. The other characters ivre distributed fairly 
impartially among most of the other groups. If wo are incUned to asso¬ 
ciate Austro-Poripatus with Melano- and Capo-Poripatus we nmst not 
overlook the important characters Nos. 1, 9 and 11 by which it differs 
from them. 

ChlllO'Poripatus. Chili, 1 species, P. BlairtnUei. Though tlu's species 
is South American it occurs far to the south of any Neo-Peripatiia and is 
entirely distinct from (hat group. Its characters are: (1) Number of 
legs (ll)--2l pairs) variable in the species. (2) Outer jew with 2 minor 
tooth, inner jaw without a diastema and saw. (3) Legs with 3 spinous 
pads. (4) Nepluidial openings of legs 4 and 6 on the proximol pad. 
(6) Feet with 3 distal papillae (one anterior, one posterior, and one dorsal). 
(6) Genital opening between the legs of the last pair which ere reduced in 
sise. (7) Reccpt.K'uluro seminis, if present, very much reduced, without 
double duct; no recoptacula ovorum. (8) The ovary is endogenous. 
(9) Ova small ( 07 mm.), but not so small os in Neo-Peripatus. (lO)* 
Uterine embryna of markedly different ages, but arranged in groups of 
three, tho embryos of each group being of tho same age. (11) Unpaired 
part of vaa deferens short as in Capo-Peripatus. (Ha)* A part of the 
vas deferens on each side is toiled into a close spiral* (12) Sperms 
tophores are small and cylindrical, without a specially thick case. 
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(13) Skin-pigment green or black with reddish patcliee, but little affected 
by spirit. (14) Without well developed coxal organs. (15) Crural glands 
unknown. (16) Accessory glands of male unknown. This species is 
specially interesting, because, while occurring so near Neo-Peripatus and 
resembling it in two important characters found nowhere else (endogenous 
ovary and small ovum), it differs from that group in most of its characters 
and approaches Capo- Austro- and Melano-Peripatus. But it possesses 
two important peculiar features (Nos. 10 and Ho). In our opinion the 
association of this species with the Cape species P. cinettpes in IhirceH's 
genus Opiathopatua is inadmissible. The discovery by Bouvier of the 
characters of Chilio-Peripatus is the most important which has been made 
since Evans discovered and described Eo-Peripatus. 

The important lessons which the distribution of the species of Peripatus 
teach are, (1) the geographical groups of species are natural zoological 
groups, (2) tho distinguishing specific characters are distributed in a 
haphazord manner in the different groups, so that it is quite impossible 
to show the phylogenetic affinities of the species by a genealogical tree. 


CHAPTER VII. 


CLASS III. MYRIAPODA* 

Tracheaies with numerous and similar pedigerous segmenlSt 
with one pair of antennae followed hy a pair of palpless mar^ihlcSy 
with regularly and segmentaUy arranged tracheal stigmatay and 
with malpighian tubules. The young are, with a few escceplionsy 
not provided with the full complemerd of segments at hatching. 

Very few of the cliaracters mentioned in the definition are 
peculiar to Myriapoda; they are almost all found in Insecta or 
Onychophora. This fact coupled with the great vaiiation of 
structure found in the group points to the conclusion that tlio 
classes Insecta, Onychophora and Myriapoda are the survival 
of a once great and continuous group of land Arthropods, a 
large number of which have become extinct, leaving two groups, 
Insecta and Onychophora, each fairly compact and showing 
but little variety of organization, and one, the Myriapoda, loose 
and heterogeneous with considerable gaps between the orders. 
In fact it might fairly be held, and has indeed been maintained, 
that the line of cleavage between the opisthogoneate and pro- 
goneate Myriapoda is sufficiently distinct to justify the aban¬ 
donment of the class and the substitution in its place of two 
classes, the Opxsthogoneala including the Chilopoda, and the 
Progoneata with the Chilognatha, Pauropoda, and Symphyla 
as orders. Of these two classes the Progoneata have special 
features of their own, e.g. the position of the genital opening 

I 

• J. F. Brandt^ Recnetl dts mtfnoirte reUxti)^ d Vordrt des Jtfyrio- 

podtSt Potorebourg, 1841. G. Newport, On the nervous and circulatory 
systams of Myriapoda and Macrourous Arschnido, Phil* Prorts, 1843* 
M. Fabro, Recherches sur Vanatoniie des orgones reproductours^et but le 
doveloppement doe MvriapodcB, Ann. Set* NcU* 1835* C. L. Koch, the 
Myriapoden, 2 Bdo, Hallo, 1863. H. Grenacher, Ueber die Augen einiger 
Myriapoden, Arch. f\ Milcr. Anal., 18, 1880. R. Lat»l, Die Myriopoden 
der osterreickisch^ungariseken Monarchic^ 1 and 2, Wien, 1880, 1884. A. 
Kowalowaky, fitude des glandes lyraphatiquos de quelgues MyriaiJodea, 
Arch. ZooL Expir*. 1890. Also E. Ray LankoBter, R. Heymons, op* c»t 
on p. 314 
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and of the gonad, the diplopody, the number of the jaws, which 
give them strong claim to independence; while the Opis- 
thogoneates in the features mentioned present a distinct approx¬ 
imation to Insecta, from which they principally differ in the 
number and uniformity of the segments and in the absence of 
a differentiated thorax and abdomen. And there would be a 
strong case for this grouping, were it not for the Symphyla, 
wliich, although progoneate and agreeing with the Pauropoda 
in the non-correspondence of the legs and the sterna, resemble 
Chilopods in the presence of a ventral blood-vessel, in the absence 
of diplopody, in the width of the sternal plates, and in the arrange¬ 
ment of the jaws. In fact in the latter point they may be said 
to be more insectan than the Chilopoda. Having regard to 
tlicsc facts, it seems unsatisfactory to place the Symphyla with 
the Diplopoda (Chilognatha) and Pauropoda as Progoneates. 
On the otlier hand it is impossible to place them with tlie Insecta 
from which they difler in their progoneate condition (a feature 
to which considerable morphological importance is attributed), 
and in their numerous segments and in the absence of a differen¬ 
tiated thorax and abdomen. The only other course open to 
us is to retain the old group Myriapoda and to leave them in 
it, indicating their insectan affinities by placing them next the 
Chilopoda. This is tlic course we have followed in this work : 
wo liavo retained the class Myriapoda and divided it into four 
orders, the Paurtypoda, the Diplopoda, the ChiUtpoda, and the 
Symphyla. We admit the interdigitation of those orders with 
each other and with tlie class Insecta, and we think that there 
are good reasons which would entirely justify the revival of 
the class Aniennata to include them. Wo do not here establish 
such a class mainly on the grounds of convenience and recent 
custom. If we did, we should define it as follows : TrachtaUs 
with antennae, with more than one paxr of jaws, w%th malpighian 
tubes and definite melamcric stigmata ; and wo should divide it 
into five orders, viz., Pauropoda, Diplopoda, Chilopoda, Syniyhyla, 
and Insetta. 

The consideration of the Pauropoda still remains. *lhoy 
might be united with the Diplopoda. We prefer however 
to keep them apart, on the ground of the fewness of their seg¬ 
ments, the incompleteness of their diplopody, the width of their 
sternal plates, and the dorsal position of the testis (not of the 
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ovary). Their Diplopod features arc : their progonoatc con¬ 
dition, the number of their jaws, tlie form of tlieir larva, and 

their incipient diplopody. 

Of all the characters mentioned in our definition, the only 
one which is peculiar to the class is that referring to the number 
of legs and segments in the young at hatching, and even that 
is not found in all Mj-riapods, a few of tlic Chilopoda being 
hatched with the full number of segments and appendages. 

It will be observed that we make no attempt to bring tlic 
head of the Diplopoda and Pauropuda into lino with the general 
seheme given on p. 325. In spite of recent work {.sec note p. 58J) 
we do not think tlmt this can at present be done with any 
advantage to Science. 

Myriapoda make their appearance in the Carboniferous in 
form not very different from those now living. 



FM. *1 Jrt rijur‘*f)us 
(after 


Order PAUROPODA * 

Minute progoniotes with n luod hearing three 
pairs of appendages [antennae, mandibles and 
vmxilhu) and with twelve trunk-segnunls, ntuc 
of whieh bear hgs. 

Tlie Paurop.uia are small ^ myriapods, less 
tlian two mm. in length. They possess a 
tlistinet liead ami a body in which indications 
of twelve segments, carrying in all nine pairs 
of legs, ean be made out (Fig. 340). The head 
carries a pair of tiifiagellate antennae, n pair 
of mandibles, and a pair of weak maxillae 
united to form an underlip (hypostonia). It is 
witliout eves, thougli oneaeli side of it there is 


a large eye-like Mirfaeo whicli however is 
dt'void I'f ocular structure. The antennae possess a four- 
jointed base with two branches, of which the domal bears 


• I.iililiock J.. On Pniiropue, n now ty[H< of rontijx'do. Trans. Lin. Soc., 
• 2 \\. iKC-c,. p. IS). Lklzol R.. op. cil. Si Imiidt P.. Boitriico 7ur KonntnL-« 
i.lrr iiioliiTon Myriupodon, Z.f.U'.Z., r»0. iSll.i, pp. 4 Sih. 5U7. Koiiyoii 1‘. t-., 
^Ior|)^u>lo^^y nnil I'jf tlio I'lnimpoda, Tuft's Collcyc Studies, 4, 

iHD.'i, pp. 77-Ur>. Hni\son H. .1., On tho gojiora and 8|K'ci«« nf ttio order 
Paiir.ipoda, Vid. Medd. Naturh. For. KoponliaRon, lUOl, pp. 32tl-424. 
SilvoBlri P., Ordo Pauropoda, in A. Borlcso -•lean', Mi/riopoJa, ct bcorpiones 
hucusque in Italia reperta, 1902. 
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one flagellum, an^ the ventral two flagella and the so-called 
globulus. The flagella are ringed and the globulus, which may 
be stalked or sessile, is probably a sense organ. There are 
six well-marked tergal plates (except in the Brachypauropidae) . 
of these each of the first five lies over two segments, while the 
last is the tergum of the legless preanal segment. In addition 
there is the anal segment with a tergum of its own, whicli 
may be covered by the tergum of the preceding segment. The 
appendages of the first segment are stump-like and small. The 
other trunk appendages (nine pairs) are legs which are set wide 
apart on the sterna and terminate in claws ; the first and last 
pairs of these are five-jointed, the remainder being usually six- 
jointed. There are five pairs of long tactile hairs which project 
from the sides of the body bencatli the second to the sixth tergal 
plates. The adult males have copulatory organs at tlie base of 
the legs of the third pair (counting the reduced legs as the first). 

The alimentary canal consists of a short foregut (oesophagus), 
a long dilated midgut, usually receiving at its hind end two 
malpighian tubes (absent in Pauropus * etc.), and of a short 
conical rectum with a clutinous lining. The anus is at the end 
of the anal segment. There arc three pairs of salivary glands 
opening into the inner part of the mouth. The bruin is large 
and fills up the greater part of the head, and the ventral cord 
possesses nine ganglia. There is no distinct body-cavity but 
the space between tlio organs is occu})ied by a fat-body com¬ 
posed of large cells. Heart and blood-vessels are ab.sent. 

Special respiratory organs appear to be almost completely 
absent. The only traces of them are two very fine, struelure- 
less tubes opening on the head at the base of the mandibles and 
not extending back beyond tlie first body segment. Uhese arc 
interpreted by P. Schmidt as tracheae. They are w ithout nuc lei 
in their walls. The general integument, which is remarkable for 
its tiiirmcHs, must serve n« a respiratory surface. 

The female genital organs consist of an unj)aired ovary, ovi¬ 
duct, and receptaculum seininis. 'J'ho ovary is a longish tube 
lying ventral to the gut and extending from the fourth to the 
eighth segment. The single oviduct opens behind t)>e second 
pair of fully developed legs in the middle line. The reeeptacu- 

* Absont olsowhoro in in I^tripotuSf Coll€fnbot<i find 

•Qtne Araohnidi. 
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lum seminis opens with the oviduct. The niftle organs consist 
of an unpaired testis placed dorsal to the gut and sometimes 
partly or completely divided into two or more portions, and 
of paired, somewhat complicated ducts, which are united by 
connecting canals and which open separately on the segment 
of the second pair of fully developed legs through the copulatory 
processes there found. 

Very little is kno^ra of the development. The just-hatched 
young possess three pairs of legs and they attain the adult con¬ 
dition by a series of moults. They can elongate and shorten 
their bodies by contraction to a considerable extent. They 
avoid light, living beneath objects (stones, wood, etc.) in damp 
places. The more active forms prey on other microscopic 
animals, and those which are more sluggish eat decomposing 
animal and vegetable substances. 

The Pauropnda appear to represent a primitive group of Myria- 
poda, with affinities to the Diplopoda by the incipient diplopody 
shown in the relation of some of the terga to the leg-bearing seg¬ 
ments, by the number of the jaw-appendages, by the condition 
of the jn.st-hatched young, by the unpaired gonad, and the posi¬ 
tion of the genital opening. On the other hand in the dorsal 
I>o.9ition of the testis they present a feature of similarity to 
the (Tiilopoda 

Ffim. t. Pauropidse. Head free and uncovered ; with rounded bodies, 
long legs and ogilo movements. The trunk has 0 terga, feebly chitinized, 
ilio final segment which id uncovered dorsally. The integument is 
wliito and Binootit. World-wide. Pauropua Lubbock (Fig. 346). more 
than *21 epcciee, P. Huxityi Lubbock^ British. Stytopauropue Cook, 
S. p{du7%rulat9i^ Lubbock, British. 

Fain. 2. Bracbypauropldae. Head free and uncovered. Terga of the 
trunk couf^ist of nine pairs of plates and an impaired plate, all fairly 
chiHtuze^*}. Movement rIow, Brachypauropus Latzel, Austria and Italy. 

Fam. 3. Eurypauropidac. Head concoalod beneath the first tergal 
plato ; witli deprossed hodica, Bhort legs and slow movement i trunk 
witli 6 terga, firmly chit ini zed. Tlio anal eeginent is hid l>oneath the 
pn^dac4xt 6th torgum. Enrypauropits Ryder, N. Amer., Austria, Ital 3 ^ 

Order DIPLOPODA ♦ 

Pn^oneates unfA a h^ad bearing (uv pairs of jaws {mandibles 
and maxillae), a thorax consisting/ of four segments and usually 

• Latzol R., Die 3/t/rto/>oJrfi dcr ^hUrreichis*:hungarUchtn 3/<marrAiV, 
Zwoito Hiilfte, Wien, 1884. Silveetri F., Diplopodi^ Genova, 1890. Id., 
Clodsie Diplopoda, voL 1, Portici, 1903. E, Meteclmikoff, Embrj'ologia 
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hearing three pairs of legs, and a body cemsisting of numerous, for 
the most part double segments. The gonad is ventral to the gul 
and its duels open on the second or third post-cephalic segment. 

The body is, as a rule, cylindrical or sub-cylindrical (Fig. 3oG). 
but sometimes it is flattened dorsoventrally. It frequently 
possesses the power of rolling itself into a spiral or ball. In 
many forms it is much elongated, but in the Oni.sconioqiha (and 
Limacomorpha) the body is almost as broad as it is long. The 
length varies from 2 mm. in Polyxenus to up¬ 
wards of 200 mm. in some tropical Julidae 
(Rhinocricus, Spirostreptus). Tlie chitinous exo- 
skeleton is hard (except in Psolai)hognatha) 
owing to the presence of calcareous salts, but 
after moulting it is soft and usually paler. The 
head {see p. 589) carries only three pairs of 
appendages, the antennae, mandibles, and the 
maxillae which are applied tog<*thcr to form a 
gnaihochilarium (or hypostoma). Tlie antennae 
are in general short and club-shaped, and con¬ 
sist usually of seven segments, of which the 
last is often concealed in the penultimate piece 
and almost always bears four spines. The 
eyes, which are aggregated and siniple eyes, 
are placed behind the antennae at tlie sides of 
the head, more rarely on the middle of the 
forehead. They may be completely absent, although the forms 
in which this occurs do not differ in habits from those in which 
they are present. They are usually numerous, but may be 
reduced to 6, 3, or oven 1 on each side. Between the eyes 
and the antennae there is a small pit wliieh may bo provided 
W'ith a projecting hair. 

The labrum (upper lip) is continuous with the front of the 
head (clypeus) and usually bears three tex*th. The mandibles 
(Fig. 347) are palplcss, and consist of a stem (stipes mandibularis, 
^i) and a distal portion (ma) which carries a powerful movable 
tooth {de) and a plate with a broad masticatory surface provided 
witli toothed ridges {Ip). The gnathotdiilarium (Fig. 348) is 

<Jor <loppolfua«igon Myriopodon, Z ./. w . Z ., 24 , 1874 . F. G. Heathcoto, 
Ine early dovolopriiont of Julus torrofltria, 25 , 1883 . Id., Tho 

po«tofnbryonal dov^Iopmont of JuIub tcrrcBtrin, Trans . ^ 1888 . 
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formed by the junction of the second pair of mouth parte (maxillae) 
w'liich in early life arc distinct. It strongly recalls the labium 
of insects, with wliich however it can hardly be homologous. 




(see table of comparison p. 
325). It consists of a more 
or less flat plate which forms 
a lower lip and shows a number 
of different parts marked off 
from one another more or less 
perfectly by thin seams in the 
chitin. Except in tho 
Polyxenidae and Polyzonidae, 
in which the gnathochilarium 


Fio. 34 ^^.—CnathochllArium, A of 
i? r»( JfduM (aCt«r 

(bfwtlin*}; a mentum (Uilrabarilun.'); 
^ : dliiiKus : Unfiunles ; 

A ranio gDanir^clulani. c stlpitc-« pnaUjo* 
chiUrii: f miAii imAtimchlUril oxUrior; 
f njula fr.alkiochilaril Uiteri<'r. 


is degenerate, tlie parts shown 
in Fig. 348 may be made out. 
Of the post-ceplialic segments, 
two are specially varied in 
form, viz., the coUum or neck 


segm^-nt. wliich comes next behind the head, and the anal 
segment. The eolluni varies much In the size and shape of 
its tiTgat plate. In the Platydesiniduc it is larger than the 


head, in Pulvzonida** it 
is seniii llipti'-al, in PsiOa- 
pbogiintha it is small 
and narrow, in I’lior- 
deumidac it is elliptical 
and r«‘nvex. and in the 
,P<»l\*kMnid;i^ it is f»f 
«‘v»TV varii’t’,' <’f shnjie 
and >i/,e. Tbc -inal s«'g- 
meut is I \rg' r than the 
othri's and in many 
ppp'-K'H iJs terunm is pro¬ 
longed into a.^piko which 
serves a specific char¬ 
acter. 



rm. 34'.».-^VcntruJ view ot head, thomt, and flrsi 
dould** .ioniiioQt ol a fomalo /’iW|fd/-»mta «<>m- 
jJjn.ifiM (alter Latrel). O’offom.alo gcueratiVB 
upellinB: /’allmeDtary canal. 


'ilTic first four Segments (Fig. 34t)) whicli may be regarded 
as a kind of thorax, carry only three pairs of appendages 
amongst them, one being apodal. From tho fifth segment 
(in the Polyzonidae from the fourth) each segment carries 
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two pairs of legs. An exception to this is formed usually 
by the last three segments and in the sexually mature male by 
the seventh segment, these being apodal or with one pair of legs 
only. The number of segments varies from 100 or more in the 
elongated Polyzonidae and Julidae to less than 25 in the Poly- 
xcnidae and Glomeridae. It may vary in the same species, or 
the number maybe constant, the limit of grouch in this respect 
being presumably attained at a comparatively early period of 
life. 

In most forms the anterior part of each segment is narrower 
than the posterior and penetrates a little way into tlie segtncnt 
in front of it in a telescopic manner. The segments carrying 
two pairs of legs are to be regarded as having arisen by tlie 
fusion of two segments (p. 589), a trace of this union being 
often present as a transverse furrow «l»ioh marks them into 
an anterior and posterior portion. 

£ach segment is covered by dofinile chitinous plates. There 
is an arched plate the Urgile (tergiuii). uriually single, wliich 
covers the back and e.\tends on to the sides. Tliere are two 
lateral pieces, the pleura ; and on«‘ or two paii*s of v«*ntrnl j>lates. 
tlie steruites (laminae pedigerac), wInch carry the logs ami the 
tracheal openings. The sternites may he united acro.'is the 
middle to form a single plate (Polydcfiniidao). Those j)lates may 
bo separate and movable u])f)n one another, or (hoy may be 
partly united with each otiior, or completely unite<l to furrn a 
continuous ring. The la.st segment consists of a fergitc, an 
unpaired anal plate (? slernile) ami two anal valves whieh 
enclose the anus. 

The legs h avc normallv t* or 7 jfiints, named o.s follows ; coxa 
trochanter, femur, tibia, tiii-su.s !, (ars’u.s 2, tarsus 3; tarsus 3 
carries a claw. Tlicy liavi* apjiroxiniately the same size ami 
shajie. The logs of a pair arc usually attached close togetluT 
to their sternibe, but somolirnos tlicy are with'ly separated (Pse- 
laphognatlia). In the male the legs of the fii-st postoephalic 
segment are modified (hooklike) in connexion with copulation. 
On tho seventh segment, and sometimes on the sixth ami eighth 
(in Qlomeria on tlie penultimate segment) there is in the male a 
Complicated apparatus which may rejilaco eitlier one pair or 
^ h pairs of legs and is known as the auxiliary copulatory 
*ipparatus. It has been regarded as tlie modified legs of the 
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segment, but inasmuch as it may coexist with both pairs of 
legs (Callipodidae) it is regarded by Silvestri as an organ sui 
generis. It consists usually of two pairs of leg-like processes 
and is used for transferring the sperm to the vulva of the female 
in copulation. In the female this apparatus is absent and the 
legs of the segment concerned are normally present. The varia¬ 
tions presented by tlie auxiliary copulatory apparatus are of 
considerable importance in the classification. 

In all Oiplopods the genital openings are paired and placed 
in both male and female, on the ventral suiiace between the 
2nd and 3rd pairs of legs either between the 2nd and 3rd .seg¬ 
ment or on the 3rd segment, or on the coxae of tlie legs of tlm 
2nd pair. In the male there is often a freely-projecting double 
penis at the end of whidi the opening is placed. The penis is 
not apparently used in the sperm transference (except possibly 
in the I’olyxcnidac) ; this being elTected by the above mentioned 
copulatory appendages uhich are actually inserted into the 

vulva.* 

The alirncntarj' canal consists of a narrow oesophagus 
(stomodaeum), into wliich, at the base of the gnathochilarium. 
open the two salivary glands ; a midgut or intestine (mesenteron) 
wliich is n wide tube beset with short liver diverticula and often 


presents transveme marks wliich correspond with the segments , 
and a hind gut (proctodaeum), which receives at its junction 
with the niidgiit two or four malpighian tubes. In Ghmeris 

the intestine is slightly curved. 

In the central nervous sj’stem. the nerves to the jaws are 
gi\rn off b’,’ the subocsophageal ganglion. The ventral nerve- 
cord extends the whole length of tlic body. lU ganglia arc 
more iw less approxinmttHl ; but each double segment po.ssesses 
two, and the ganglia of the firet three postcephalie segments 
are more closely united than the others, though there is not the 
same degree of differentiation into a thoracal and abdominal 

nervous region that is found in the Chilopoda. 

The 81)01 ial sense organs are represented by the aggregated 
simple eyes (p. 329). by the olfactory hairs on tlie antennae and 
a tuft on the gnathochilarium. and by the organ of Tbmdsvary 


• Fnbro (.-Inn. .Vae (4), Zool.. 3, l«55) states tl.st in rolyxenidoo 

and Jiilidao coimlatior* tako^ phuo m Septombor in rapto-o 

tlmt licbt haa n |>.iwerful inttuenfo in linni-ing it on. Sinclair tins 

obsor^M it in .May in .Tidi<lHo. and in .Tnno in P.^lydesmidaij. 
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which consists of a transparent pi.-jeetion of chitin covered 
with fine sensory hairs and placed on tin. head near the base of 
the antennae. The hypoderinis cells bi*low the projection 
are specially modified and supplied by a special nerve from the 
brain. 

The vascular system consists of a dorsal tubular heart con¬ 
tained in a pericardium and branching into arteries in the 
head. In each double segment there are two pairs of 'Stia, 
one at each end of the segment, and it gives off from the niiddle 
of each segment two (or one) pairs of arteries which pju<s 
into the fat-body. 

The tracheae are unbranched in most Diplopods, but in tlie 
Oniscomorpha they are brancljcd. They arise in tufts from 
tracheal pouches which open on the sternitos immediately in 
front of the articulation of the legs. There are tlicrcfore two 
pairs of stigmata in each double segment and one pair in the 
others. There are two kinds of trai heae : some larger and with 
distinct spiral fibres, other.s smaller without the spiral fibre. In 
some Diplopods botli kinds are present ; in others, one or llie 
other kind only. 

The excretory organs are rci>re.scnted by two or four maljii- 
ghian tubes which open into the gut at the juiii'tion of tho 
intestine and hind gut. It j.s possible that the cell.s of the fat-hodv 
W’hieh contain urate of soda h.tve also to do with excretion. It 
has also been suggested • that the salivary glaruLs, whii h as 
Heathcoto f has shown develop in Julus liy tlie rlirect lran.'»- 
formation of a portion (‘f the mesoblastic somite of llie .segim-nt 
of the gnathochilarium, may have the physiological as wei! jxs 
the morphological chara<‘tera of nephridia. 

^ho gUtTidulur. odoriferae are placed laterally, one jiair in each 
segment; tliey open on the sides of the body by the foramina 
repugnatoria w'hicli were formerly mistaken for tracheal stigmata. 
In the Oniscomorplia the openings of the glands of the two sidc'.s 
are united, so tliat there is only one row' of foramina repngrialoria 
placed in the dorsal middle line. They begin usually in the 5th 
or Cth segment and are niit found in the aporlal segnienls. 

le secretion is often evil-srnelling and contains prussiu acid. 

^‘*ntributjori h r«5tude do rexcrotion lod ArtliroiMjdo.^, 
20. 100.3. p. 217. 

T *'Mi. Trarm., 1888. p. 100. 
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The generative glands (Fig. 350) are unpaired elongated 
tubes, the paired ducts of which open (p. 686) on the ^d or 
3rd segments. They are placed on the ventral side of 

the gut and develop, as in Peripatvs, from the dorsal divisions 

of the embryonic somites (Heathcote). ^ 

All Diplopoda are, so far as is known, oviparous. The e^ 
are laid, shortly after copulation, in masses in damp earth, under 
stones, etc. Sometimes a kind of nest is made, and in some specif 
the mother keeps watch over the eggs {Jtdus, Polydesmus etc,). 
Development.* The ovum is of fair size and contains a 

considerable quantity 



Fia,.850.—Oen«ntlve org*iX3 of Qlomtria marffinata 
(fcilerPabre). TtasU*; 0 *ovary; Odoviduct. 


of yolk. The nucleus 
of the unsegmented 
zygote lies in the centre 
of the ovum in a little 
protoplasm. It here 
divides by a series of 
binary divisions, each 
product being sur- 
rounded by a little 
protoplasm. When a 
certain number of 
nuclei have been formed, 
some of them with their 
protoplasm migrate to 
the surface and form 
outside the ovum a 
nucleated layer which 
constitutes the blasto¬ 
derm and gives rise to 


the ectoderm. The yolk usually becomes divided at about this 
period into pyramids which give a superficial aspect of complete 
cleavage, but it is not clear that each of these contains a nucleus, 
Tlie blastoderm acquires a keel-like thickening over part of its 
extent. The mesoderm bands are derived from this. The nuclei 
which remain in the yolk give rise to the endoderm, and possibly 
some of them may apply themselves to the keel and participate 


• Korschelt and Heider, T<x(book of Embryology of /nwer/e6r^«. EngUsh 
Tranfllation. Vol. 3, X899. Swan Sonnenschein & where 
to date will be found. F. O. Heathcote, op. cit. E. Metsclmikon, Emory- 
ologie der doppeltfUasigen Myriapoden, Z.f.w.Z., ^4, 1874. 
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in forming the mesoderm. Well-marked mcsoblastic somites 
arc formed. These become hollow and extend into the appen¬ 
dages, the first being in relation with the antennae, the second 
with the mandibles, the third • with the maxillae (gnatho- 
chilarium), and so on, each double segment containing, as was 
shown by Heathcote, two pairs of somites. The somites, as in 
Peripatud, divide into one part which remains in the appendage 
and, becoming solid, gives rise to muscles, and into a part which 
remains in the body. This part in some segments (antennal, 
mandibular, etc.) becomes solid and its walls transformed into 
muscles, etc.; in others it approaches its fellow between the gut 
and the nerve-cord and, fusing with it and with the correspon 


ding structures of 
adjacent somites, 
gives rise to the re¬ 
productive gland. 
In the segment of 
the gnathochi- 
larium, this body- 
part of the somite 
remains distinct 
from its fellow and 
gives rise to the 
sabvary gland. The 
yolk lies outside 
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the enteron in the .t • j 

hoemocoele (Fig. 351). The oesophagus and rectum (hmd-gut) 

arise as epiblastic ingrowths, and the malpighian tubes are 

outgrowths of the hind-gut. An embryonic cuticular envelope 

is formed by the ectoderm at an early stage (m Ju2us before 

the segmentation of the germ-band), and a second one later on. 

the* 

—a o“^e it 

homologiM tho gnathochilarium with the 2 nd niaxiUao , ^25) 

DiplopodB into harmony with that of inHirktiona 

Tho ovidenoe, howovor, is uusatiefoctory. It wnBisU of obs 

of embryonic ganglia^ which, unlooa oupi>ort4>d by . hm.- rr Hnnn 

•pgmenU, ie very unreliablo in deciding quostione of this km • 

not appear to be any embryonic evidence in favoi^ tbA 

some that the gnathochilarium conBieta of two pairs of 

•o-oallod **poetmaxillary segment** of tho embryo being t e y 

oegmonU 
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Tliese must be looked upon fus being due to two precocious 
cedyses. In some ra.se.sthe embryo remains witliin the embry¬ 
onic cuticle for a short time after hatching {Julus, Polydcsmtis, 
S(rintg\ilmonia)A'^^ a kind of resting pupal stage is passed tlirough; 
but in all. the larva, wIkmi it becomes free and active, has 
tliif'c paiis of legs (Fig. H52) and a ccitain number, usually four, 
of apodal segments bcliind. it tlins presents a superficial 



FIO. Two l%fval of Strimjylotoma Ouerinii (aft^r MoUflmiKoff). In A tho iatva 

U htill Atirronudi*d hy tho cuticular envelope which k>oara the cgs*U>oth ; in iB it haa shed 
thb envelope and has entered \j|H)n Ita free life. tU anteooa, above and posterior to wUcb 
tho c^g'tooth cau bo scon ; J, j tho three pain of legs. 

resemblance to an apterous insect. The three pairs of legs are 
attaclnxi to throe of the first four body-segments, usually the 
first, third or fourth (Fig. 353). Moreover some of the apodal 
posterior segments possess the rudiments of legs beneath the 
cuticle. Tho larval development takes pl^e gradually (so- 
called anamorphosis) and consists mainly in the increase in tlio 
number nf antennal joints, of ocelli, and of the segments and 
appendages. The segments are added between the anal seg¬ 
ment and the segment in front of this, either one double segment 
at a time, or in groups of two, three, or even more. 

Iq Glomeris, thi> just-hafcliod has five pairs of rudimenta (freely 

projecting) of legs behind the* (lireo pairs of functionol logs. Id Polydesmua* 
in which the functional logs are on the first, third tuid fourth (Fig. 363) 


* There is some conflict of evidence as to which is tho apodal segment. 
It appears certain (Sinclair) that in tho embryo of Jalxu and Polydeamtu 
the first post-cephalic segment is apodal, and that the first pair of logs 
shift forward in early larval life, Laving the second apodal. 
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trunk segments, the fifth segment 
l)enrs tw.) pairs of rudimentary 
logs beneath the integument, and 
tho sixth has one pair. In Julua 
tlio just-hatched larva is very similar 
U> that of Volydatmua. In the 
npories in which tho number of seg¬ 
ments ill the iwiult is constant, 
sextial maturity with development 
of tho copulatory limbs is attaiiuHl 
nftor tho formation of tho full nuni- 
bor of segments. In fonns in 
which the numl>er of segments is 
inconstant it would appear that 
formation of new segments must 
tako ploco after attainment of 
sexual maturity. 

The Diplopoda are sluggislt 
animals and live mainly on 
vegetable substances ; some 
devour animal excremonta, and 
a few are, occasionally at least, 
carnivorous. They avoid the 





light and live in damp places 
under stones, etc. They are 
useful in nature in helping to 


10 353.—Ncwtyhfctrltpd lirvtvof Po/j/^«mu 4 
wmptonolui latter vom lUtb). a anU'ima . 
an onus ; the three pali^ of legs ; bt 

sldeaof tho head ; aeh gnathochllarluoi; Ibr 
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destroy decomposing organic 

matter, and some species {e.g. of Julus) are known as 

worms. They arc found all over the world, 

■ but the largest and most striking species are 

tropical a 

Sub-ordor 1. Pscl&phogD&tha.* 

Small Diplopoda with soft rhitin without caloaro- 
oils dr>po 8 it. with 10-12 body scginotiU currying 13 
oairs of logs, with toothed hairs in tufts on tho 
pleura and in trunsvorso rows on the torga (Fig. 354), 
without foramina ropugnaUiria (glandulao odoriforae). 
41 6 . ■ Tho labrum is freo ; the niundiblos aro buried in 

tho mouth-cavity and ruh against tho roof of tho 
mouth which is armed with U>oth ; tho maxillae are 
reduced, consisting of little more than a pair of 
TTt palps attaclied to a basal plato. The male is without 

\JJ the copulatory appendages, and tho onus m m the 

^ penult imato segment. Tho coxae of the logs are 

Kia. 364 .—rt4vx«iti# widely separated from one another and there laa wo 

dovelopod stomal region. Europe. Asia^ Anx eriGA. 


• Latzel, op. cir. 2, p. 09. F. G. Sinclair, Q.J.M.S., 30, ia89. p. 87. 
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Fam. Polyxdoldae. Polyxenus Latreille, ponuee and deetroya the vine- 
loiiae {Phylloxera); Central and 8. Europe, England. P. lagurus L. 


(Fig. 364). 


Suborder 2. Ohllognatha.* 


The chitinous covering of the body is hardened by calcareous salts. 
The labrum is fused to the cephalic shield and glandulae odoriferae are 
present. The mouth parte have the form described for the order, and 
consist of a pair of mandibles and a pair of maxillae {gnalhochHartum). 
The males always possess ona or two pairs of copulatory appendages 
on the last segment or on the 7th or on the 7th and 8th (according to 
Silvestri these appendages are not modified legs and may or may not 
coexist with the ordinary appendages). The anus is on the last segment. 

Tribe 1. Oniecomorpha. The body is short, strongly convex dorsally 
and capable of being rolled into a ball; body segments 11—13 in number ; 
foramina rcpugnatoria in a single, median dorsal row, beginning in the 
4th segment. Pleura and laminae pedigoroe free. Genital apertures at 
the base of the legs of the 2nd pair. No penis ; the copulatory appendages 
ore on the penultimate segment, which also bears one pair of legs. 
Segments 1,2, 3, and 4t and the penultimate (and in the male the ante¬ 
penultimate) have one pair of legs, the other segments, except the last, 


have two pairs. 

Fam. 1. Qervaisidae. Antennae approximated at their bases and 
placed on the front of the head, eyes in a row at the sides of the head, 
11 torgites, the infrabosol (mentum) of the gnathochilarium undivided. 
Gcrvaiiria Wage, palaearctic region. 

Fam. 2. Glomerldas. Antennae and eyes as in the Oervaisidoe, 12 
tergitep. infrabasal divided. Olomert* Latr., palaearctio and Indo- 
malayan (Fig. 366). 

Fam. 3. Sphaerotheridas. Antennae apart at the base, at the aides 
of tho hca^J ; eyes in several rows; 13 tergites ; infrabasal undivided. 
•^phacruihcrhim Brandt, Asia, Africa, Australia £ephronia Ottay. 

The family GIo* 
meridssmldae 
(Sumatra and C. 
Amor.) closely similar 
to tho above, but 
with 10-20 segments 
and without fora- 

Fia. 356 .—a Olamgrit marytnata (alter C. L. Koch), ft maxlllM 
(gnathc^chtUriuiii) of juius urrettru. has been placed m a 

tribe lAmacomorpha 

distinct from tho Oniecomorpho. 




IVibo 2. HtJminthomorpha. Body usually elongated, more or leas 
cylmdrit-nl, reliable into a ball or spiral. Segments 19 to 108. Foramina 
repugnatoria placed on the sides of tho body. Pleura free or fused with 
torgites. Lamina© pedigoroe free or fused with pleura. Copulatory 
appendages on segments 7 and 8, or 6, 7 and 8 ; legs in these segments 
present or absent. 

Fam. 1. C&Uipodldas. Eyes in several rows ; pleura united to tergites, 


* Latsel, Silvestri. op. ciL 

t Pocock, Zool. Srg^. einer. Peiee in CJsl-/f*dien (M. Weber), p. 322. 
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«,gxnen.. 1. 2, 4 with one pair “ nb 

“^r'2?‘‘ci.orrd.i«“£^““^ 

depreeaed, attenuated in ^ tenritoe Laminae pedigerae 

diblea with 9-12 oombe. 32 constat The 

free. No foramina jst tod 4th 'and antepenulti- 

-lai^T'dSS; 

Xa;r^MrJraLr»“rraS™h:^t. in 

diatinot ; eopulatory °" '^° Ii^e^S!'°”i^annofcnr Bollnion, 

i^*“and^rnt?:i‘1^en‘S"n.r’';^ rafap^'oE' 

^^r'ST. Lr^d'1:'“^e^Sraa"B;^h. Trop,e,/K«n.^^ 

K^ch, Aistralaaia. S. Amor. J-ui^r Brdt.. Palacarct.c ; J. Urrestr^s L. 
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FIO. 865 .—UmtttU (afUr C. L. Koch). 

(Fig. 386). BIaniulu» Oerv., Polaearctic. Unciger Brdt. and PaeJtyiulus 
Berleiw. Palaearctic. Nem^omo C. Koch, P^aearctic ^d Nearctio 
Fam. 4. PolydeimUUe. Body more or less long, cylm^i<^ or slightly 
flattened dorsally, without keels or with lateral horizontal kools which may 
be bent either towards the doraal or ventral surface. N^ber of seginonta 
1&-20. Eyee always absent. Labrura with 3 teeth. Mandiblre without 
eardo, usually with combs, anathochilarium with large, undivided mfre- 
noaxilla. pedigerae in segments 2 and 3 free, rest united with 

pleura t pleura united with tergites. Foramina repugnatoria present in 
two lateral rows. First segment * and two last apodal, 2nd, 3rd and 4th 
each with one pair of legs (Fig. 349). No penis. Copulatory appendages 
on 7th segment, which has one pair of legs. Cosmopolitan, largo terms 
from the tropics. SpAocriodeemus Peters, Mexico. Cyciode*mus Hum- 

• According to Silvestrt There seems however to lie some doubt on 
the point, for according to some authors it is the 2nd segment which is 
apooal ^th in the larva and adult (Fig. 353). 
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bort nnd S., Mexico. CryptodesmuA Ptre., Columbia. Platyrhachit C. 
Koch, Tropics except Afr. Poly<U»muJi Latr., co8moi)olilaii. Strongy- 
iotfomaBrdt .cosmopolitan. BracAyde^mii*Heller, lOsegnients, Paloearctic. 

The folios^ ing throe familioe are included by Silveatri with the Helmintho- 
morpha. by Latzel they or© united in a diatinct sub-order, the Colobognatha. 
They are small Diplopodfl with numerous sogmonta (30-100), variable 
in the same species. Eyes present or absent. Tlio small triangular head 
is elongated into a longer or shorter proboscis, and tho mouth parts appear 
to bo modified for suction, though it is doubtful if any, except those with 
lung proboscis, are suctorial. The mandibles are small and the nmxilloo 
•legonerato or absent. 3rd segment and two last apodal. 1st and 2nd 
with one pair of legs. Foramina repugnatoria j>resent in two lateral row*8. 
t'opulalory appendages simple and in two pairs on tho 7th segment, which 
is apodal. Tlioy live in damp places. Eiuope, .\sia, .America. Africa. 

Fain. 5. Slphonophorldae, Heo<l pyriform, prodiuvd into longish 
rostrum. Eyes and mandibles absent. Maxillae as a Hingl.^ lamina 
coalesced with labrum to form rostrum. Siphonorhinua i’.-cock, Malaya. 
Siphonophorn Brdt., tropics. 

Fani. 0. Polyionidae. Head with short rostrum and eyes. Mandibles 
two-jointed. 2nd maxillae represented by a triangular plate. Poly- 
zonutm Brdt., paloearctic and noarctic. 

Fam. 7. Platydesmldae.* Head small and spherical ; eyes present or 
absent. Mandibles with 2 joints ; maxillae as distinct gnathochilorium 
more or leas re^iuced, inframaxilla undivided and long. Torgites with 
lat<-ral keels. Soginonts numerous. Platydeatnua Lucas, N. and C. 
.America. Doliatrnua Fimzago, Me<literran©aQ. 

Order CHILOPODA.f 

Opisthogcnicates xcith a head hearing three 'pairs of jaws [mandibles 

and tiw pairs of maxillae), a pair of poison dates {maxillipeds) on 
(hr first body segment, and iidth a body consisting of numerous seg- 
mrnts, all uf which, except the last tux>, bear one pair of legs. The 
gonad is dorsal to the gut and opens on the penultimate body- 
scgtn» nt. 

The body is flattened dorso-ventrally, and the legs are set 
far apart at the sides of tlie ventral surface. The chitinous 
covering is eitlier very poor in, or completely free from calcareous 
salts, and in the course of life is frequently shed. The head, 

• F. (’,. Sinclair, 49. 1905. p. 007. 

t tJ. Newport, Munograpli of tho class Mynopodo, order Chilopwa, 
Linn. Trana., 19. 1«45. E. Metschnikoff, Embrj'ologisches fiber Geophilus, 
Z f.ir.Z., 25. lK7r). N. Zograf, .Anatomie v. Lithobius forficatus (Russian), 
Schrift. <1. Gesfll. d. Freundc der Satunriaa. etr., Moarotc. 1880. E. Haase, 
SrhltJ<i(na ('htlopoden, Breslau, 1880-81. Id., Dos Respirationssystem 
tier Sympbylcn u. Chilopoiion, Schnaider'a Zool. Beitrage, 1, 1886. R- 
Latzei. op' ext. C. Herbst, Bcitriige zur Kenntniss der Cliilopoden 
liihl. Zool., 9. 1S91. O. DuboHcq. Rech. siir los Cliilopodes, Arch. Zool. 
Exp.. IM9S. R. Heymfm.s. op. cif. on p. 314. C. Vorhoeff, Chilopoden in 
liron\\tt Thi€rreich^ lyu2-7« 
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which is covered by a cephalic plate (cephalitc) carries four 
pairs of appendages, and the first segment of the body .s .n 
relation with the head by its appendages, the poison c!a«e 
which are called maxillipeds. The tergal plate of this segment 
is either absent, or weak, or well develop.-d, in which case it is 
known as the basilar plate (lamina Iv^ahn). The segments 
behind this, except the two last, are much alike (sec below) and 
each carries one pair of lege. The last two are apodal and bear, 
the first of them the median generative opening, the lust the 
anus. In the Lithobiidae and 
Scutigeridoe some of the tergitee are 
smaller than the others, and in the 
Craterostigmidae there are six ter- 
gites intercalated between the ter- 
gites of the pedigerous segments. 

The number of pedigerous body- 
segments varies considerably ; the 
smallest nuniber is 15 segments 
in Craterostigmidae, Lithobiidae, 
and Scutigeridae, 21 in Scolopen- 
dridae, and from 30-173 in the 
Geophilidac. In the last-named 
family the number varies in different 
individuals of the same species. The 
number of leg-pairs is always un¬ 
equal. The constitution of the head, 
in comparison with that of other 
Trocheates, is given in the table on 
p. 326 in the column for Myriapoda. 

The antennae, which are usually set far apart, but in the 
Geophilidae ore approximated, consist of from 12 to over 100 
joints (when over 70 the segments are indistinct). Speaking 
generally their length may be said to vary inversely with that 
of the body. The eyes are ocelli : they are placed on the sides 
of the head behind the antennae and may be numerous or few or 
reduced to one pair {Henicops, and Cermatohiua) or absent 
{Qeophxluiae, Cryptops, etc.). In Scutigera there is one pair of com¬ 
pound eyes. The labrum (Fig. 368, Ob) is either free or fused with 
the anterior and ventral part {lamina frontalis) of the cephabte. 
The mandibles (Fig. 368, md), which may present a division 



Fio. 867.—lilAoWw# lorU^tut 

O. L. Kocb). «/ potooD cUw» 
(lukxiUlpedO. 
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into a basal (cardo) and peripheral (stipes) part, is witnout 
palps and bears at its end teeth (absent in some GeophiUdae) 
and bristiea. The Ist maxiUa (Fig. 358, Mx') consists of a shaft 
and two blades : the shafts of the two sides are approximated and 
may be fused. The 2nd maxiUa {Mx") consists of a basal piece, 
which is fused with its feUow to form a lower lip, and of a three- 
jointed leg-like palp which usually ends in a claw. This pair of ap¬ 
pendages, from its resemblance to the 2nd maxillae of insects, 
is often called the labium. The maxillipeds or poison-claws 
{Mf) are the appendages of the first post-cephalic segment (see 
above). The basal joint of these is (except in ^cwiigfero) fused 
with the sternal plate of the segment, and the anterior end of 

the plate so formed is often 



armed with teeth. The 
rest of the appendage con¬ 
sists of four segments, the 
femur, tibia, and two tar- 
salia; the distal tarsaljs a 
sharp claw with the open¬ 
ing of the poison glahd, 
which lies in the base of 
the appendage, at its apex. 
The tibia and proximal 



Mr' 


tarsal are, except in Scuiu 
gera, annular. 

The body-segments fre¬ 
quently possess, in addi¬ 
tion to the broad tergal 
^ and sternal plates, anum- 

scleritea in 
Qf the pleural 
region. In the GeophiUdae 
Fio. 858.—Month parte o* (and to a less extent in 

n!^!dUL»;^ivSmixUte:‘¥«paip; Scolopendridae) the 

pe^Mpoaouclaw.). 

of most of the segments are partiaUy or completely divided 
into two, viz. an anterior pretergal plate and a pair of small 
prestemal plates, but the segments never bear more than one 
pair «f appendages each. The legs {see above), like the antennae, 
tend to vary in length inversely the length of the body. 
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Normally they possess seven segments, a coxa, trochanter, 
femur, tibia, and three tarsalia the last of wliich ends in a claw, 
rhe legs of the last pair (anal legs) are attached to the ante¬ 
penultimate (pregenital) segment and are usually longer than 
the preceding. The genital segment {see above) carries the 
median generative opening and usually a pair of genital ap¬ 
pendages. The latter are better developed in the female, in 
which they are used in oviposition. They are absent in female 
Scolopendridae and in many male Lithobiidae. The anal 
segment is much smaller than the others and is without 
appendages. 

Glands are found in the coxal joints of the last four or five 
pairs of legs (coxal glands) ; in the pleura of the last pedi- 
gerous segment; in the sternites of the segments (sternal 
glands) and in the anal segment (anal glands). The secretion 
of the sternal glands causes the phosphorescence found in 
some Geophilidae. The ventral pits are paired or unpaired 
pits found on certain of the sternal plates of some genera (some 

Geophilidae). 

Of sense organs* besides the sensory hairs and spines of various 
forms found on the body generally and on the appendages, 
especially the antennae and jaws, may be mentioned the 7naxillary 
organs of SexUigera. These consist of a pit, richly lined by 
setae and supplied by a special nerve, on the inner side, of each 
of the basal portions of the 1st maxillae. An organ of Tomosvary 
covered with hairs and similar to that of Diplopoda (p. 586) can 
very generally (apparently absent in Geophilidae) be made out. 
It is placed near the base of the antenna, and is supposed to bo 
auditory in function. The eyes are simple ocelli, similar to 
those of Diplopods and Insects (p. 328). In Liihohius they are 
very closely aggregated. In SeuXigera there are compound eyes, 
which are sometimes called pseudo-facetted eyes. They arc, 
however, true compound eyes resembUng in all essential points 
of structure those of Insects and Crustacea. 

The alimentary canal consists of fore-gut or oesophagus 
(stomodaeum) lined by chitin ; of mid-gut or enteron proper 
without chitinous lining ; and of liind-gut or rectum (procto- 
dacum) which is lined by chitin and receives at its anterior end 
two long malpighian tubes. In the Scolopendridae and 
Geophilidae the oesophagus is of considerable length and the 
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rectum has an S-sliaped curvature ; in Liihobius the oesophagus 

is short and the rectum is straight, 

A number of glands, which may be called salivary, open in 
connexion with the mouth. In ScolopemiTa and Seuiigera there 
are five pairs, in the Liithobiidae two or tliree pairs. 1 he 
posterior of these open on the coxae of the first pair of legs and 
are coxal glands. In Scolopendra the two anterior pairs are 
contained in the head and open within the labrum into the 
buccal cavity. The two posterior pairs are much larger and 
extend from the 3rd to the 7th body-segment. Their ducts have 
a spiral fibre and open into the mouth in front of the 2nd maxillae. 

The central nervous system consists of a bilobed cerebral 
ganglion (p. 328) in the head, supplying the antennae, the eyes, 
and oigans of Tomosvary ; of a suboesophageal ganglion which 
supplies the jaws and the maxillipeds (the ganglion of the latter 
is distinct in the embryo), and of a ventral chain of ganglia, 
one of which occurs in each pedigerous s^ment. The ganglia 
of the first and second pedigerous segment are approximated. . 
Behind the last there is a genital ganglion. The cerebral ganglion 
gives off a visceral nerve to the dorsal wall of the gut. 

Vascular system.* The heart (Fig. 369), which is contained 
in the pericardium, extends nearly the whole length of the body 
from the first pedigerous segment backwards. It possesses a 
pair of ostia and gives off a pair of arteries in each segment, 
and in front it is continued as an artery to the cephalic organs. 
The arteries branch and finally end by opening into spaces in 
the connective tissue. Some of them terminate in small bodies 
resembling lymphatic glands (Kowalevsky’s bodies). There is 
also a supraneural vessel lying along the dorsal side of the nerve 
cord and directly connected with the front end of the heart 
by a air of arterial arches which embrace the gut. The peri¬ 
visceral and pericardial cavities communicate by perforations 
in the pericardial membrane, and there are alary muscles in the 
floor of the pericardium. In spite of the peculiar local breatliiiig 
organs of Scutigerct the blood system in that animal is not 
essentially different from that of Scolopendra. The blood is 
colourless, but in lAthobius it is stated to have a slight violet tinge. 

• G, Newport, PhU. Trans., 1843. C. Herbat. BM. Zool. (Chun and 
Leuckaxt), Heft 9, 1901. O. Duboacq, ^rcA. Zool. Exper. (3), 6, 1897, 
p. 481. 
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Tlie fat-body consists of aggregations of fat cells in the wall 
of the pericardial and perivisoeral cavities. It appears to con¬ 
sist of a reticulum the cells of which contain fat, and is similar 
to the fat-body of Onycho- 
phora. 

Except in Scutigera (p. 604), 
tlie tracheae * branch and 
anastomose, and possess a 
spiral fibre. They are dis¬ 
tributed to the organs. The 
stigmata, which vary in num¬ 
ber in the different forms, are 
placed on the pleural mem¬ 
branes (except in 8ctUig€ra)y 
one pair in a segment. They 
are most numerous in the 
Gcopliilidae, in which all the 
pc<ligcrous segments except 
the first and last possess a pair. 

They are never found on the 
liead or on the segment of the 
poison claws. They may bo 
slit-Iikc {Lithohius, Scolopcndra, 
etc.), funnel-shaped (Geophilidae), ear-shaped {0lO3tigmu^), or 
sieve-like {Heterostigma). The tracheal system of Scutigera is 
d(>.scribed at p. 604. In this form the stigmata are dorso- 
median, and the tracheae are without spiral fibre and prac¬ 
tically unbranched. 

The reproductive glands f are placed in the middle and pos¬ 
terior portion of the body on the dorsal side of the gut. They 
open on the ventral surface immediately in front of the anus 
on the penultimate segment. 

The ovary is single and median ; it passes behind into an 
oviduct which divides into tw'o. These embrace the rectum and 
join again beneath it to open by the median genital opening 
(Lithobiidae). In some forms one of these two oviducts is 



Fio. 359.-^He4d AOd afitorlor o! 

Srolopendra (After Newport). O 

; O eyes ; A ; Ef uih\’ 

ilUpcd (polAon-riAw); C heart; M alary 
Diusclo ; Ar aricrios* 


^ E. Haaao, Du Rupirationmyfitem dor Symphylen und Clitlopoda^ 
Schneider^s Zoidoffisehe Beitrdgt^ 1^ p. 05. 

t B. Schaufler^ Zur Kanniniu dor OiiloiKKlon^ Vtrh. Zool, hot, Oisel. 
H'Wn, 1889^ [>. 406. C. TonnigoAp Doitr. j:* B{>vrnmtogune6e u. Oogoneae 
dor Myriopodon^ Z.f.w.Z.^ 1002, 71, p. 328, 
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absent, or much reduced and functionless {Geophilv^). A 
pair of receptacula seminis and two pairs of accessoiy glands are 

in connexion with the hind 
end of the oviduct. 

The testis is more varied in 
form. In Lithobiua (Fig. 360) 
it is tubular and median, and 
its duct divides behind em¬ 
bracing the gut and receiving 
two vesiculae seminales ; fur¬ 
ther back the two vasa defer- 
entia unite and receive two 
pairs of accessory glands. In 
the Geophilidae there are two 
tubular testes, and in the 
Scolopendridae several spindle- 
shaped testes which open into 
a median vas deferens; this 
divides behind, the duct of 
one side being reduced, to 
embrace the gut and pass to 
the external opening. In these 
cases the hind end of the vas 
deferens is coiled and there are 
two pairs of accessory glands. 

Most Chilopods form sper- 
matophores, but it is doubtful 
if copulation occurs. It has 
been stated that the males 
deposit spermatophores in 
places frequented by the 
females which then in some 
way take them up. 

Development.* It has been 
stated that some of the Scolo- 
pendridae are viviparous. How¬ 
ever this may be, the majority 



Fio. 300.— LOAo^itu lorifieatut dUMcted to 
show th« lolcrtutl orgatu Vogt *Dd 

Jaog). i ADieno* ; 2 ^Uon>claw ; 3 
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• Metashnikoff^ op. cU. on p. 694. HeymonB, op. cit. on p. 314. N. 
Sografft On the embryonic development of Geophilua (Rugsian)» Nachricht 
Qt^. Frtunde Naturk. Anihr. u. Ethru Motkau., 43, 1883. Korschelfc and 
Heider, op. cit. 
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of Cliilopoda appear to be oviparous. IAifwhiu3 lays its eggs 
singly and rolls them in the earth. The European species of 
Scolopendra lay (in June and July) from 16 to 33 eggs (about 
3 mm. in length) in the earth (3 to 8 cm. deep) and roll themselves 
round them, protecting them from contact with the earth and 
keeping them moist by a duid secretion until they are hatched, 
which takes pleice after some weeks. Oeaphilus also has been 
observed to take care of its eggs in a similar manner. The egg is 
surrounded by chorion which is probably formed in the oviduct. 
The segmentation and formation of the layers appear to take 
place very much as in the Diplopoda. Mesoblastic bands are 
formed and become completely segmented into hollow somites. 
The number of these in the head has been already described 
(p. 320). In the body there is one pair of them for each pedi- 
gerous segment, and two pairs in the genital region behind the 
last pedigerous segment. The anal region (tclson) and the 
acron are without them. Each somite (except the three anterior) 
becomes differentiated into three sections, a lateral in connexion 
with the appendage, a ventral over the rudiment of the future 
sternite, and a dorsal beneath the future tergite. The walla of 
these parts give rise to muscles, etc., and the cavities disappear 
except that of the dorsal section in some segments, in whicli it 
persists as the reproductive gland. The latter is therefore at 
first paired and segmented. So far as is knoNvm none of the 
somites give rise to a nephridial section. 

The hypoblast surrounds the yolk, and gives rise to the walls 
of the intestine, the oesophagus and rectum being formed from 
ectoderm. The perivisceral spaces arise from the space between 
ectoderm and endoderm which becomes lined by mesoderm. 

An embryonic cuticular membrane is formed by the ecto¬ 
derm at an early stage, as in Diplopods, and is shed after liatching. 

The postembryonic development of Chilopods takes place on 
tuo types. In Scutigeridae and Lithobiidae the young are 
hutcdied with seven pairs of legs, and the larval development 
consists in the formation of the remaining appendages as well as 
in the increase in number of ocelli and antennal joints and in the 
attainment of sexual maturity (so-called anamorphosis). In 
Scolopendridae and Geophilidae on the other hand the young are 
hatched with the full number of appendages (or of their rudi¬ 
ments), and the larval development consists of the complete 
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attainment of the adult form (epimorphosis). As m IMpIopoda 
the tracheae are in all cases not laid down until the larval period. 

The Chilopods are active creatures which avoid light and prey 
upon other animals, though some of them may occasionally eat 
vegetable food. They bite their prey with the poison claws 
and kill it by the secretion of the poison-gland, which flows into 
the wound. Certain tropical species of large size are able to 
inflict w'oimds which are dangerous even to man. 

Tribe 1. PLEUROSTIGMA 

With tracheal openings on the pleural area. The number of stoma 
never exceeds that of the terga. 

Fam. 1. GeophlUdae. With long, multisegmented vermiform body, 
short antennae of 14 segments, short legs, stigmata on all the postcephalic 
segments except the first and last. The number of segments usually 
variable in the same species. The labial palps are S-jointed. The anal 
legs are short and eyes are absent. The sternal plates are usually per¬ 
forated by pores of the sternal glands, the secretion of which causes the 
pliosphorescence found in some species. They live in the surface soil or 
under stones, etc.; cosmopolitan. Qeoj^Uua Leach, Q. eorxdylogaattr 
Latzel, Britain; Q. longitomia Leach, Britain; O. elecfricw* Mein., 
Britain. Mecistnctphalxu Newp. Orphtxatua Mein. Bimantarium C. Koch. 
Qonibrtgmatua Newp. SedxoplaTies Beigs. o. Mein. Scotophilue hleln. 
Stigmaiogcuter Latzel. Orya Mein. Himantherium Karsch. 

Fam. 2. Scolopeadridae.* With 21 or 23 leg-bearing segments; 
tergumof the basilar segment more or less completely fused with that of 
the first leg-bearing segment; antennae much shorter than the body, with 
17 to 34 segments ; ocelli either four oneach side or absent; 9, 10, 11, or 
19 pairs of stigmata present; palp of the 2nd maxilla with 3 jointe and a 
claw ; the anal legs are long and their basal segment fused with the pleural 
solerite ; agile forms, for the most part inhabiting warm countries. They 
leave the egg provided with the full number of legs. The bite of the large 
forms is dangerous to man. They live under stones, etc., or in holoe, but 
emerge at night. 

Sub-fam. 1. Cryptopinae. Without eyes (at most a clear spot 
on the edge of the head); tarsus imsegmented or indistinctly seg¬ 
mented ; tibiae with one or two spurs or with the under side beset 
with bristles. Cosmopolitan. Cryptopa Leech; Theattypa Newp.; 
Plutonium Cav. ; Bexoptortia Gerv. 

Sub-fam. 2. Otostigmlnee. With foxir eyes on each side; stig¬ 
mata oval or round, placed obliquely to the long axis of body in 
anterior segments ; tarsal spurs usually present; cephfdic tergum 
never projecting over first postcephalic tergum. Australia, Asia, 
Africa, and warm parte of America. Otoatigmua For.; AUpea I mh .; 
Bhyaida Wood. 

Sub-fam. 3. Seolopendrinae. With four eyes on each side; 
stigmata triangular or slit-like, placed parallel to long axis of body ; 
tazBol spurs absdnt or only one; cephalio tergum projecting back 
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over the first postcephalic torgiim. Tropical and warmer temperate 
zones. Pithoj}us Por. Asanada Mein. Pseudocn/ptop^ Poc. Cu- 
pipes KohJr. Coloboj>Uurus Kniep. Cormocephalus Nowp. Scolc- 
pendra L. (Fig. 361). 

Fmn. 3. Craterostlgmidae.^ With 15 pairs of legs ; with an inter- 
cataUMl tergito in front of the 3rd« 5th, 7th, 8th, lUth, 
and r2th and stigmata on tlio 3rd, 5tli, 8th, 10th, and 
12 th podigeroiiA segments. I'he anus and genital 
op<*nings are enclosed by a hi valvular sclerite. The 
sternito and pleura of the 14th pe<ligerous segment 
arc completely fused, as are the stcrnuni, pleura and 
tergite of the I5th. With one ocellus on each side. 

Tasmania. Craierostxgmu^ Pocock. 

Fam. 4. Lithobiidae, With 15 pedigerous segments, 
an<l torgites an<l sternites equal in number ; tergites 
of the 2nd, 4th, 6th, 9th, Hth, and 13th pedigerous 
Rogrnents smaller tlian their neighbours ; Rtiginata on 
the 3rd, 5th, 8th, 10th, 12t)), and i4th pedigerous seg- 
inonts, and sometimes on the 1st ; the tergite of the 
1 st not unusually largo; anal and genital 

zones well marked off from one another, the latter in 
the Miiil<‘» with more or loss reduced, in thc^ female with 
|Hjwerful, segmented and Hpurre<l generative processes. 

Anal legs longer than the others. Tiirsol joints 3. 

C\>si oo| loli tan. 

8 ub.-fam. 1. Cermatobiloae, Body slender and 
fusiform ; antennae flagelliform, shorter tlian 
body ; eyes in one pair; pelp of 2nd maxilla 
3-jointod with claw ; stigmata in Ist pedigerous 
Bogtnoni. The minor tergites are do<'piy excavated 
behind and appear to be divided. Island of 
Adenara (Indo-Mulaya). Cermatebius Haase. 

Sub-fam. 2, Utbobllaae, Antennao fairly 1 ng Vjut shorter than 
iMMly, 13-100 joints; ocelli absent, or ono pair, or numerous; palp 
of 2nd maxilla 3-jointod with claw; stigmata in 6 or 7 pairs. 
The minor tergitoa loss excavated behind and do not appear double. 
IjiihobiuM X»ac)) (Fig. 357), many 0 {>ocios, co.smopolitan. Hf'nicops 
Newport, Tasmania, Australia, N. Zealand, N. America, 

Tril>o 2 . NOTOSTIGMA 

With trachc,'\l openings in the dorsal middle line and with compound 
eyes, 'i'ho numi>or of sternites oxceoda that of tlio torgites. 

Fain. Scutlgaridas, Jlody short and thi<*k, witli 15 pairs of legs 
(Fig. 302), long and increasing in length posteriorly. Antennae long, eyes 
compound (ono pair), 1st niaxilloo with a sense organ l>eset witti numerous 
rods, 2n«i maxillao 6-jointed without claw and with spines on cud) scgnuMit 
exvAypl tho (enninal. The U^rgito of the poison claw segment viHible but 
small. On the 15 pedigerous Hogmeuts there aro 8 distinct tergites, tho 
tergites of si-gmcnts 7-9 Uung fused and those of 2, 4, 6, 11, and 13 being 
very sinuU and covered. The I radical stigmata are 7 in nuinb<^r and 

• U. I. Pocock, A now and annoctant type of Chilopod, Q.J.M.S., 46, 
190i, p. 417. 
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placed in the don*al middle line. Theyocciratthe hinder ^go of the 7 
t^or of the 8 tergites above nteatione.,. They " 

tufta of trachea© 
(without spiral 
fibre) project into 
the pericardium 
and aerate its 
blood. The heart 
therefore receives 
arterial blood. 
Genital appen¬ 
dages ore present 
in both sexes. 
The young when 
hatched do not 
possess the full 
complement o f 
logs. They are 
very active 
animals. They 
are found in the 



Prom tho BneyeJopcedia BrUann<ea. 


pro. 362.—A Seuiiyera ruttrolineata (after Buffoo). B Terglte and 
part of o second tertrlte of the eame. enlarRcd to show tho poaltioo 
of the stigmata 0 ; p hinder margin of tergum. 

warmer regions all over the world, under atones, otc., and especially in 
human dwellings. Seutigera Lamarck, 5c. colcoptraM L., Central and S. 
Europe. 


Order SYMPHYLA.* 

Small 'progoneaie forms with 12 'pairs of legs and a head possessing 
antennae, mandibles, maxillvXae, maxillae and labium. 

The Symphyla are small Myriapods, less than three mm. 
in length. They possess a distinct head, and a body which in 
being flattened dorso-ventrally recalls that of the Chilopoda. 
The body (Fig. 363) consists of 12 leg-bearing segments and of 
an apodal terminal segment, and of 12 apodal segments inter¬ 
calated between these, so that there are 26 segments in all, 
behind the head. Sixteen (or fifteen) of these segments possess 
well marked dorsal scuta (Fig. 363), of which the first, which 
carries the first pair of legs, is the smallest. The legs are not 
grouped in pairs and there is no diplopody. 

• Gervais P., Myriapodea, in Wolckonaer, Hist. Nat. des Insecits Aptiref, 
iv, Paris, 1847. Newport G., Monograph of the class Myriapoda, order 
ChilojxDda, Trana. Linncan Soe., 19, 1845, p. 373. Latzel R., op. cif., 
1884. Ryder J. A., Structure, affinities and species of Scolopendrella 
Ptoc. Nat. Sd. Philadelphia, 1881, p. 79. Grassi B„ I progenitor! 

degli insetti o 'dei Myriapodi, Morfologia delle Scolopendrello, Mem. d. 
Reale .Accad. d. Scienze d. Torino (2), 37, 1880. Schmidt P.. op. cit. 
Hansen H. J., The genera and species of the order Symphyla, Q.J.M.S., 
47. 1903, p. 1. 
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The head * carries a pair of long multi-articulate antennae 
and three pairs of jaws : these are one pair of 2-jointed mandibles ; 
a pair of maxillae bearing a short palp and ending in two lobes ; 
and a labium consisting of a median basal part carrying two pairs 
of small lobes. In addition there is a hypopharynx, on each 



Fio. 2C^.SctUi'jfr* 
tUa immaciUati 
(afUr Lat£cl|. 



Fio 304.—Ventral view of hind end ol 
lK>dy of a young SfuIiy^rfUa 
iaiu (&fU*r Lfttzel). // Up Eleventh 
leg; yU protruzlhlc ventral sne ; 

p cord with BplQulog orgaa. 


side of which is articulated a maxiUula (Hansen, paraglossae of 
GraWi). The inaxillulac probably represent the appendages of a 
segment, which is found in the embryo of some insects between the 
mandibh>.s and 1st maxillae, and is supposed to be homologous 
with the segment of the Ist maxillae of Crustacea. Similar 
structures uppe^ir to he present in Collernhola and Thy.sanura. 
In addition to tlicse parts there is an upper lip. Kyes ai)pear 
to be absent, or repre.sentcd at most by a j>air of ocelli. The 
li'gs of the first ])air arc placed on the segment following tlic heatl 
and arc 4-jolnted (in some species reduoe<i to wart-like protn- 
heranees), the posterior eleven pairs being 5-jointed and ending 
irj two claws. The legs of a pair are set tolerably far apart 
from one another (except those of the first pair). Clo.se to tlie 
coxae (or on them, Schmidt) of the legs of the last ten pairs 
and on their inner sides there arise small movable proeess<*s 
called parapodla (h'ig. 304) and just on the inner side of each of 




* Tlio <'oiiHtitution of tlio hoad of tho 8yin|>hyla corroapondt^ with that 
von lu the column for Inaocta on i>. 
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these a protnisible sac (F.B.). The puapodia have been inter¬ 
preted as the reduced posterior l^s of a double segment and 
possibly serve as sense-organs. Haase suggests that the ventral 
sacs are homologous with the coxal ^ands of Chilopods and 
that they function as respiratoiy organs, being often associated 
with we^ or absent tracheae. Attached to the end of the body 
is a pair of conical processes—the cerci—at the ends of which 
open the ducts of a spinning gland, the threads secreted by 
which may be used for attaching the eggs. They are regarded 
by Latzel as the appendages of the 24th body-segment. There 
is a pair of stigmata on the head beneath the insertion of the 
antennae. From each of these proceeds a strong tracheal 
trunk which is without a spir^ thickening and undergoes a 
certain amount of branching but does not extend behind the 
third body-segment. The alimentary canal consists of phaiynx, 
oesophagus, stomach, intestine and rectum. Two or four 
malpighian tubes open into the intestine, and the rectum has a 
ohitinous lining. A 
into the mouth. The fat-body is well developed and occupies 
the greater part of the body-cavity. There is a dorsal tubular 
heart provided with ostia, a cephalic aorta and a ventral vessel. 
The paired gonads are placed on each side of the gut and open to 
the exterior by a median opening on the ventral surface between 
the fourth pair of legs ; in the m^e the two testes are connected 
by a transverse tube passing ventral to the gut. External sexual 
characters and genital appendages are absent. The nervous 
system consists of a supra-oesophageal ganglion and a ventral 
chain of ganglia. The adult stage is reached by a series of 
moults in which the segments and 1^ increase in number. The 
condition of the just-hatched form is however not known. 
The Symphyla are found in most parts of the world. They are 
active animals and appear to prey upon small insects. They 
avoid the light and are found under stones, etc., in damp places, 
and in moist mould at the roots of grass. They recall Cam- 
‘podea in their habits and appearance. The name S3rmphyla was 
given to the order by Ryder on the view that they combine 
inseotan and myriapodan characters. They are myriapodan 
in the number of their legs and body segments, and in the position 
of the genital opening (Hiplopoda); while of their inseotan 
oharaoters attention may be called to Uieir biunguiculate l^s 


pair of elongated salivary glands opens 
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and to their jaws, which resemble those of insects in form and 
number, and to the presence of maxillulae, by which they 
approach the Thysanura. 

Two genera, ScoUypendrella Gervais, and SciUigereUa Ryder, 
with about 24 species are known. 



CHAPTER Vin. 


CLASS IV. INSECTA.* 


Arthropods hamng in the aduU condition ihree pair of 
legs, usually two pair of wings and the body divided into three 
regions, (i) the head which hears a single pair of antennae and 
certain mouth parts, (ii) the thorax and (iii) the abdomen. Jtespira- 
tion tracheal. Young always more or less different from the 
adult and complete metamorphosis very frequent. 

InfliMjfca are segmented ammals and as in the Crustacea and the 
Araohnida the segments are grouped into higher categories. 
Three regions, or U^mata as Lanhester calls them, the head, the 
thorax and the abdomen are present. The thorax always has 
tliree segments, but the number in the head and in the abdomen 
of an Insect body is still a disputed point. The two most domi* 
nant views are those of Heymons | and of Lankester,| the latter 
of whom founds his enumerations on the researches of Fol8om.§ 
The discrepancy between these two views, which are fully dis¬ 
cussed on pp. 318 ff., is readily seen from the following table :— 


Camir«^« ^oruro/ Bxaiory, Insects, London, vol. i, 
I89o, vol. u 1809. Berlese, Oh InseUi, now in course of publication, 
MUano. I^kard, Tearffcoot of Entomology, New York and London, 1898. 
Miall and l^x^y. The Cockroach, 1886. Henneguy, Les Insectes. Lowne. 
Atuxtomy of the Blow-fly. Lyonnet, TraiU anatomigus de la CheniUc oui 
rongele bo^sde The Hague, 1762. J. Lubbock, On the Ssn^, 

arid Indigenes of ^n»ma& ^h special reference to InseoU, IrU. 
if*’ 1888, and Tr. Lxnn. Soc. London, xxiii* 1800, Nowoopt 

p. 259. Ki^y and Spence, Introduction toEntom^gy] 
c' Ed., 1828. L. O. Howard, The Insect Book. Now York, 1901. 
I dee Insectonkorpers, Abh. Ak. Berlin. 1895. 

Arthropoda. Enoycl. Brit., lOth Ed., vol. xxv. 

R,hi w ^nurida marSUma Gu6r, 

tiuU. Mus. Harvard, xxxvi, 1900. wwoi. 
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Heymoiie.* 

“Acron.” 

1 Segment (Pre-ant«nnftl) bears the eyest 


2 

a a 

bears Anteimae 



3 

# r 

It 

disappears in embryo 

•c 

4 


bears Mandibles 

1 


5 

w w 

4 4 

„ 1st Maxillae 



6 

w W 

4 4 

2nd Maxillae 

> 

t 

7 

8 

9 

w w 

ff 

•t 

A a 

„ let Thoracic logs \ g 
„ 2nd Thoracic legs 'j- J 

3rd Thoracic legs / ^ 

10 

w W 

A 4 

s= let Abdominal 


11 

9 W 

4 4 

s 2nd Abdominal 

1 

12 

9 w 

4 4 

s 3rd Abdominal 


13 

4 W 

4 4 

SB 4th Abdominal 


14 

4 ^ 

4 i 

SB 5th Abdominal 

c 

15 

4 W 

4 1 

s €th Abdominal ' 
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O 

IG 

w 9 

i 4 

= 7th Abdominal | 


17 

4 4 

s= 8th Abdominal 

< 

18 

4 w 

4 4 

= 9th Abdominal 


19 

w 9 

4 4 

S3 10th Abdominal 


20 

4 9 

It 

SB 11th Abdominal 


21 

t| 

= “ Ancd piece " 




“ Telson ” 



Lonkester and Folaom. 


Eyes t (P*^'*“^*^**^ 

Antennae 

Disappears in embryo 
Mandibles 

Superlingual Maxillulae 


Ist Maxillae 
2nd Maxillae 
Ist Thoracic legs 1 % 
2nd Thoracic legs . J 
3rd Thoracic legs j c_, 
let Abdominal 
2nd Abdominal 
3rd Abdominal 
4th Abdominal 
5th Abdominal 
fith Abdominal 
7th Abdominal 
ftth Abdominal 
9tl« Abdominal 
10th AlKlonunal 
11th AbdoininalJ 


© 

e 

o 

■o 

< 



Hcymonsdoes not recognize the superlingual segment bearing 
the maxillulae, described by Folsom in the Apterygota. Ihia 
Begment is said to supply the dorsal element in the Itypopharynx. 
a median structure or “ tongue ’* which Ucs between the maxillae- 
He places the division between the head and thorax at the junc¬ 
tion of the 6th and 7th segments, a position which corresponds 
with the division between the tagmata in the Crustacea. The 
Odonata, certain Orthoptera and the Dermaptera (earwigs), 
and I.epidopterou 9 embryos show eleven abdominal segments, 
and, except in the CoUembola, where the number is six, In¬ 
sects have not leas than ten abdominal segments. 

It is interesting to note that both views assign twenty-one 
segments as the full complement for an Insect since this number 
lias been asserted for the higher Crustacea and Araclmida. X In no 
Insect however can twenty-one segments be seen at one time. 
The appendages of the third disappear {Campodea is a probable 


• Zooloaica. 1901, p. 142. Hoyrnona rocogiiizoa median untenor and 
,«BWrior m)rtion>. which ho chIIh the " acron ’• and •* toleon ' 

lie calls the acron plus the pro-untonnal ni>gment the prototx«])httl n. 

t See alno table on p. 325. i si. 

t In the lower CruMtaceu, and of (x>urae in MyriHiwiie the number of 

eegtnanta u greaU^r, ao tliat the »igiuficunce of the identity of number 

in tho higher forma in not apparent. 
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exception) dnring embiyoxtio life. It correeponde with the 
second antennary eminent of the Crustacea. In many oases, 
moreover, the abdomen does not form its full complement of 
segments, and, when it does, some of the hinder ones aro 
pushed or telescoped into those in front and there is usually 
a certain suppression or atrophy of parts which tends to obscure 
the real number of segments. 

The abdominal segments primitively bear paired appendages 
homologous with the legs, but these usually disappear. In 
the CoUembola and Thysanura certain of these appendages persist 
some authorities regard the processes which form the 
ovipositor in some Insects, as appendages and also the anal 
styles of the male cockroach. The cerci anales (ceroopods) are 
with more certainty regarded as appendages. 

The cuticle which covers all parts of the body of an insect 
embryo and which is infolded at the several apertures leading 

thickens in certain parts to form 
In a typical segment there are the following solerites :—(i) the 
tergum or dorsal shield, each tergum consists originally of a right 
and a left half which unite in the middle line in the adult; (ii) the 
sternum or ventral plate which may remain double. Between 
the terga and the sterna is usually a softer membrane, the pleuron, 
and in this may be found: (iii) an epimeron adjacent to the teigum, 
and (iv) an episiemum next the sternum. In nature however 
all these four parts are seldom met with together, some may be 
suppressed, others greatly enlarged, so that the analysis of the 
exoakeleton of an insect's body, especially of the thorax, is a 
matter of no small difficulty. 

The head of an Insect consists of a rounded chitinoos case in 
which, except for the appendages, almost all traces of segmenta* 
tion have disappeared. As a rule the following regions can 
be made out (Fig. 366). The dypeus is a somewhat flattened 
area between the bases of the two antennae extending ventral- 
wards to bear the labrum, which is a hinged flap overhanging 
the mouth. The labruri is sometimes lobed but is primitively 
a median process. The top of the head or epicranium runs 
from the dorsal limit of the dypeus — often marked by a 
suture—between the eyes on to the back of the bead down 
as far as the neck. The region of the head surrounding the 
insertion of the neok is often referred to as the occipuif 


into the body, 


plates or sclerites. 
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and the hole left in the head, when it is cut off, as the occipital 
foramen. Running ventralwarda behind the eyes from the 
epicratiiura to the base of the mandibles and on its inner surface 
giving origin to the stout mandibular muscle, is the gena or 
cheek. When the head is prolonged in an antero-postenor 
plane the region of the head between the occiput and the base 
of the fused second maxillae or labium is often distinct and is 

known as the gtda. 

Certain hard parts, strengthening the walls of the head and 
acting as surfaces for the origin of muscles, occur inside the 
head. As examples of these the tentorium of the Cockroach and 
the two hollow cylindrical pillars which pierce the head of the 
gnats may be cited. 

There are two median processes, one in front, and one behind 
the mouth, which are known as the epipharynx and the hypo- 
pharynx respectively and which are not u.sually regarded as 
having the value of appendages. The former arises from the 
inner surface of the labrum and in most of the mandibulate 
inserts exists as a membranous lining to that part and to the 
clypeus. It bears certain taste organs. In such piercing insects 
as the gnats and fleas it is prolonged with the labrum and helps 
to form the channel up wliich the blood of the prey flows. On 
the opposite or posterior wall of the mouth, lining the labium, 
is a median process which, when it remains soft and fleshy, is 
usually referred to as the tongue or lingua or ligula, but when as 
ill gnats (Fig. 376) it is prolonged and forms a projecting 

process, it is termed the AypopAarynx. On it the salivary ducts 

open. The hairy grooved organ of bees, which projects from 
the middle of the labium, is usually called the ligula : there is 
much uiK'crtainty about its homologies. 

According to Hoymons the first segment of the head forms 
tlie clyi>eu8 and labrum. whilst the epicranium and genao 
arc formed from the tergites, or elements of the tergum. of the 
three jaw-bearing segmenta whoso fused stern.tea form the 

h ypopharynx. 

The heiul in united with the thorax by a short flexible neck 
whose wall is often strongthened by certain chitinous thicken¬ 
ings called tlio cervical eclerites. 

The thorax is composed of three segments, the pro-^meeo- and 
meia-thornx. These remain fairly distinct in such insects as the 
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rumiiii|^ < )rtlioj)U.‘r;L, lni( in in.sc'<-J> wlno.- liiulil {(nuiifnl 
arc closely fnsr«i lo^rtln i' amt it is Jillicult to analy>«'tin* tl.orax 
into jls 4-oiiij)oiieMl jiai ls f In sncli iiis<“cts (lie t<Tg.i 

of ( lie meso- ami im i a-( hor.i\. or mt sum,turn arid imtumitum as 
t liey arci-jilled, mavcacli he di\idi! iti(») as inauv JisJ four areas 
called (he ftriir.srutiiiii, st iiittiii, si iihllinn iind intstsCnt' Hum 
res|iee( i\'I’he pleiiroii ill each of the (liree seements 
is usually divided iui.i an (/,isf. nnim and an < jiiiiK roll ■, and to 
these with (lie sterna tlie three |».tH « .»f lees aro atla< li<‘d. A 
pair of lolii-s or sansaei v.}| um d | .i • iji . f a ui.^, tiTiiied 
lie on eai-li side of tin- plot I e aa v ni iiijittia and I-cpidoptela. 
dln‘V L.'ivc oriein to tin* at lacliiuent of verlain niU'cles in the 
(‘ulieidae. A soincw hat similar paii of processes, the li</uloi\ on 
I In- iiieso.( liorax c)v«-rl\ ine t In- Ikisi- of (he foro-vv ines in l^i-pidop- 
(era and cc-r(ain 11\ nn-nop(t-iM arc sonict iines, hut proliahly on 



rii», :\M. I )i fjjtil >>1 niik k 14 \utloll 

;st»i\ \j. J hr \tn\i h» rJl rr|iiM^r«l tM >\n4\\ 1Im* nr fV tlttUloM. J Jir lurSUIi.i 

• Mill »* II- Jifr fidllMil dll‘ f llir id < » IM>f4n k .’IImI Nnillllt ni. A JUtdl UflM . .1 UlKli 

hrjvijfi*. t‘ I . 4'u // liiiiiM nl (r<ii»<*i»rfv urc ; / rfii.'».H«itrr% tirv /i'<» 

uirl tt% ♦ I rM-.s.Mrr\tirr l.( fr.ith.il ««imI mnh.il A* <'ri>v>-iior\nr* I «1 sm** ^ 

nil ill il .ih«l rMh|l;4l H>.>linis; .t/ lie «M;i , O cri-.Hjs-lirrv urr hr(>^CCII /ii Allii /h» : il rinllM' 

#VC »m4o o-l.i. 


insunici<*nl tifounds, hoinoloei/.ccl w it II the wings. In the higlici 
iin-mhci-.s of t lie lal tei group (In* first ahdoniinal scgimait hecomes, 
in tin- imago, so fused with tin* thorax as lo st-r-m to belong t<» 
this K-gion. A <-uriously lomplieateil sKe t<-ton of (ipoiiitm.'i or 
pioec*s.ses for tin* attaelimeiit of musi-les is often jiresent in the 
tlmrax ; il varie.s mueli in dilTcreiit insects. 

'the wings are coidineil (o the meso- and meta-thorax ami in 
(he gn-at majoiity of easi-s both pairs are present. If one pair 
only i-xinls it is almo.^l always lh<* meso-thoraeic- and in om* 
largi- (-lass the Diplera tin* metu-thora<-ie wings are rejilueed by 
the so-ealh*d W/trr/< * or )>atuneers. Many of the more ]>rimilive 

• wJ = uB«(i in jumping. 



614 


CLASS IV. INSECTA. 

Insects are wingless and in most groups there Me cer^ spcci® 

"ariosTtheir wings. In some cases tins 

dition is found only in one sex and m many species there is a 

eorrelation between the simple eyes or oceUi ” 

wings Both structures tend to disappear simul^eot^y. 

The attachment of the wing to the thorax hes along the 
lateral edge of the tergum and is often of a very oomplex nature. 
When tto wing ia expanded it is seen to be rougldy toangular m 
^a^ thel^x bei^ at the point of attachment^ ^le anterior 

edTin this position is called the cos/a (Fig. 360 C) 

U faUed the^oirfer margin and the posterior is caUed the inner 

wings are outgrowths of the ^^f 

a layer of hypodermal 
colls covered by a 
thin secretion, the 
cuticle. The o u t - 
growths may arise in 
the embryo or larva 
in ono of two ways: 
(i) either the skin 
grows out and “ tlio 
wings begin—and al¬ 
ways remain—as ex¬ 
ternal folds or evaginations,** or (u) the wings commence by an in¬ 
growth into the body, which eventually, cither by turning inside 
out or by some other means, becomes external. At least 90 per 
cent, of existing insects belong to the latter category which 
form the Endottbrygota. These whose wings are external 
throughout life fo.m the group Exoptbrygota. 

The membranous expansions which form the tissue of the 
wings are strengthened and supported by the nervures as an 
umbrella is spread on its ribs (Fig. 367). The arrangement 
of the nervures is of the greatest systematic importance. The 
areas they bound are termed cells. The nervure primitively 
consists of a chailnel in which blood circulates, and this 
channel is usually traversed by a trachea and by a rod-like 
bar knoum as “ Semper’s rib.” 

The hard, thickened fore-wings of the Coleoptcra are termed 



Fio. 867.—wing of Tiputa (alter Pr. Bnner). H anb- 
1 flat IqDgite^DAl nerrur^ < co3t& mediau) ; 
2 radUl rtb (radios or sector); 3 cubital rib; 4 dls- 
ooldal fib (or eobltos anUcui); J submedian {or cubitus 
posticus); anal rib (or postcosta) ; T aziUar nb ; Jt 
mantluai oell: CT submarginal cell; D diseuida) cell; 
j.p posterior marginal ceBs; FB anterior basal cell; 
M A MAftAriop basal cell: AZ anal cell. 
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elytra. In tlicin tl>c chitinous (uticle is much thickened and 
the upper t*nd lower surfaces are clamped togetlier by minute 
chitinous pillars. Between those layers, fat*bodies and cells 
containing uric-acid concretions, as well as nerves, tracheae and 
blood are found. 

The fore-wings of the Strepsiptora are replaced by small 



Win. rigtit liAlf of thorAX of An&ph4U$ marvlipennU with base of right wing find 

hftltor. MagiilAecl 40 tluies. U, iho niAgruOixl about 7 U> ^Uow iho 

area whtcli Itcani the stHdulaUir. Thl9 Is ebnOtMi. a U othed har; the te«'th «likh 

RKsp oo the rtjgi*a liomo by B; Jt hludo hrnrlng the rkdgi*'* li : C trough ^hlrh htuits the 
niovomonW of H ; D itUtAi chltiiious sclerito bearing n cla\t >^hich works lu J>^ the l>nl)ow 
at Um* haao of // ; iT^ Joint between D and B IfiU'rnicdlalo acirrito bctw*(*cn D and F ; 

hlugo botwccD K and F ; F prokliiial seJerflo which Is lusortcd knU^ tho thorax beneath 
Iho sriit^lium ; F^ f/roocM on ; G tht<'koned edgo of snuaiiia; fold of squama over¬ 
hanging B and B ', it process of cIiJUd wldch otcriiangs Uio boso of tho blade ; K distal 
ead of halter ; L rrmcave area covered with papillae ; M knob ; A/t hioge ; B luifdUae 
on knob (from Shipley and WllsoiO* 


membranous appeiulages. In the Diptcra the hind-wings 
are replaced by tho above n.entioned luiUcrea, which uro 
usually clubbed and well provided with sense-organs. In 
most of the more primitive orders the fore- and hind-wings 
are quite unconnected and move independently, but in many 
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Lepidoptera they are loosely linked t<)got)icr by a structure 
t-er?necl theand rriinacw/Mm,-vvliUht in the Hymenoptera 
they are closely knit together by a row of hoolts on the anterior 
edge of the hind-wing wliich play over a ridge on the posterior 
rim of the fore-wing. 

The rapid vdbration of the wings of insects. \s !«ich in the housc- 
llv attains the number of 335 beats n. second and in t}\e bcc 440 
Ijcals per second, makes a perceptible noise. The humming 
t)j ]»uzzing whioli is so characteristic a feature of titc Diptera and 
MymcTioptera seems to be due to a fundamental note caused 
by the vibration of the wing through the air and to certain 
overtones. A mechanism wlxich would produce such overtones 
lijxs recently been described * at the base of the wings in cert-jvin 
Diptera. It consists of a toothed bar wliich works against a 
ridged blade and it is thought that a.s the wing ts raised and 
loweicfl tiiese two structures grate against one another (Fig- 30S). 

No one now holds the view that the wings are homologous with 

the true appendages,'^ though their real nature is still a matter 
of dic.puto. The view was formerly put forward that they 
are nmditieations the platc-Hkc tracheal gilts such as tho.so 
borne on very varying parts of the body by tlie larval Sialidac, 
Perlidac, Odonata, cto., etc. They certainly resemble the 
traclical gills in being supplied with tracheae and with blood, 
but tlic details of the tracheal system differ markedly in the 
two structures, and the view is now abandoned. It is inore- 
i>ver evident that whereas the gills arise at very varying part« 
of the body and appear to be temporary adaptations to an 
aquatic life, the wings arise always from the meso- and nieta- 
nota. Thus Fritz Miillcr’s J view that wings are modifications 
of lateral outgrowths of the dorsal surface of these segments 
and not of any larval organ has much to commend it. 

The third division of the body or abdomen is not so inelastic 
and compacted together as arc tlic head and thorax. It is 
capable of considerable extension, a nec essary consequence of its 
containing the larger part of the alimentary canal and the ovarj’^, 

* On a possible Stridulatiog Ortjim In tjie Mv»<«puto {Anopheies iixaculi 
ptnuiM Meig.) by .A. E. SMiploy nnd K. Wdx'n, 7V. livy. S<k. E<iin.,-x.\. 1902, 
p. 307. 

t A typical segment boars a pah* of upponUages usxmlly directed ventrally, 
svich appendages form the gnathitos and the logs, ami are referred to 
hero as true appendages. 

X Jcnaische Zcit-^<'hr. Nafuru'itis., ix, 1875, p. 241. 
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organs wluoh vary greatly in size under certain condilions ami 
at difTcrent times. Hence the st-lerites arc separated fioin om 
anf»thrT l>y soft areas and fptMjuontly oNP'ilur) one atiotlier (Imc. 
‘169). I’herc is as a ruh* a tcrtjiir> or uoium atul a sf^nnnn 
united togetlier bv' a 

^ . 6 S r, _3 

soft pleural rnonibrane, » 5 Y ^ _J7 , 

tlio 'pleuron^ whiel* 
typically bears a 5ti<7wa, 

or external opening ^- .. \ ^ 

i)f the tracheal system. 

A i>leural sclerite is ^ ^" 7 

Kometiines prc.sent. - 

'J'ljc first abdominal 3 

wimient i>< often nnidi- * -ifij - Sii.i(.i.> .ij-lomfn <.f ./nivi M. cmra-i i 
Signunr is oiu n ino<n Witli th. hinl.l) ni.Hlittoil < — an ai.t. < r./,.ro,-.-r,«s ./.i 

^rs.A 4 %b^A lt\ \A TJm* olHlMinitial :»ro UUIItUff l ffotlt Ktl !• 

n<xi ana in many n\- j.a< k\^:*ran. <Krum siirtrp.) 

incm^ptcra it 8C(*ins to 

liavp passive! ovor int<i lh<' 1 lu>rax (Fiji,-SCO/>). At iUo jx^sU^tifr 
regioPi also great modif»«atiot>s and <3ften re<luetions of pails 
o(3cur : usuallv one <)r nion* of the hinder si'gm<-n(s are invagt- 
nuted into tlu'ir predecessors ami iMa'oine in<Klifi«'d in rc»nm‘xiot. 
with ovipositlon and <-oj)ulalion. The nuinhei of al <loniiiviI 
segnmnls visibh? in an inseet is Iheridon* usually smaller than 
the number vvhi»-h really exisl.s. Ac<rording to Hiymons twehi 
segments are foum’ in eoekroacli and earwig larvae and (he 
same number in much lat<*r stages of some dragon-Hies ; the 
twelfth segment giving rise to tlie “ anal-j»ieee.” 'I’lus seems 
t<i l>e the maximum number; ten segments are perhaj)s tlie 
eonimonest number, but there may be—aiul usually appear to 
1^,; _ fuw<3r. Heymons does m»t reeogni/.e the serial homology of 
the first atid last .segnients (aoron and telson) of the body with 
(bose between, and tberebin* he does not consider Die Kuj)ra- 
anal and sub-anal iaminai; wbieb when present lie above and 
bi-low the amis as terga or Ht<*rna. Tlie podical plate.s <'f the 
(^skroaeb are probably tlevelopinents of the sub-anal seler.-i’. 

'I'be appendages (w. note p. 616) are process(y4 borne by the 
segments, typieally one pair by eaeb .si-gitmnt. tliougli in the 
adult those of the ab<lorninal .segments are u.-ually absent. Tliey 
are as a rule jtiinted and contain musele.-i. nerves, truelieae, 
nral blood. 

'Pile appen<lag<'■ of tin* pr<-anl<*nna! s<-gm«-nt arc absent in 
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Flo. 570.— Different forms of aotoanae <aftcr Bor* 
mebter). o Bristle^liko antenna of L^eu^ta; b 
flillorm antenna of Cara6u« ; e monllUoim antenna 
of Terufbrio ; d dentate of BtaUr ; $ pectinate 
antenna of CUnicera ; / crooked antenna of ApU ; 
g clob^shap^ of Sidpha ; h knobbed of Jfecro* 
phoruM : t lameliate^l of AteidotUba ; k antenna 
with btietlo from S<irgu9. 


the adult unless the 
eyes represent them.* 
These will be dealt 
with under the organs 
of sense. 

The appendages of the 
second segment are the 
antennae. These are 
usually long, multi-scg- 
nicnted proce^es, but 
they may be reduced to 
a few segments, or even 
to one. They vary veiy 
greatly in structure and 
are of much use in classi¬ 
fication (Fig. 370). Ihey 
often exhibit sexual differ¬ 
ences. They are ob¬ 
viously of the greatest 
importance to the insect 
and act as sense oigans, 
partly tactile, partly 
olfactory and partly 
auditory in nature. 

The appendages of the 
third segment—i f we 


accept the view, as there is very good reason to do, that an 
intercalary segment exists between that which bears the an¬ 
tennae and that which bears the mandible—disappear in the 


adult ercept in the primitive family Campodeidoc t where 
they persist as paired tubercles. 

The appendages of the fourth segment are the mandibles. 
These never bear a palp as they do in most Crustacea (Fig. 371)- 
They may be toothed, stout, unjointed J structures as in biting 
insects, or they may be modified into sickle-shaped or even 
tubular piercers as in the larvae of some water beetles, or they 
may take the form of piercing, slender blades as in Hemi- 


* v. tables on p. 325 and on p. 609, and the diectiasion on p* 340« 
t H-Uzel, Zoo!, XX. 1897. W. M. Wheeler. 4/. AforpA..%nn, 1893. p.L 
X Traced of segments are described in the mandibles of some beetles^ 
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ptera and most 
Diptera. In 

some may-fli(*.s 
and caddis-flies 
and Diptera, and 
in the Macrolej)!- 
doptera t li e y 
quite disappear 
rti tile ad u It 
stage. 

The append¬ 
ages of the fifth 



X.in 




segment arc, ue- 

II-,.. Fio. 371.—Mouth parti* ot a BUtUa (after SaviRj.y). a H.i <1 
cording to Hey- secti fr««« U‘C fr-*"! : Or«.«l»; a/rf maxilLir>'palp. /./ lal-ii.l 

*1,^ !„«. p.ili) ; b upper lip (lahruin, U.); c luaixlil.le (.y<n ; d 1st 

nions, the l.st In.ixilla- V.'rarJo; il titl|>os ; I..in Udula; L. rr jralui. 

....,w:il..., r-H'l piaxillao or Ubluiu (lower lip), clearly coiuiHi.eU ol 

iiiaxiiutc, ana ac- 
cording to Fol¬ 
som tlie maxilluloe. Accor<liiig to recent workers a com¬ 
plete and separate pair of gnathites succec<l llio mandibles in 
the Apterygota (Collcmbola and Tliysanura) wliicli liavc been 
variously tcrnicnl paraf/Iossac, $vpcrfin<fvac and 7tuixillulae (Fig. 
372). These maxiUuIuc arc reduced to the merest vestiges 

in the wingetl Insects (Fterygota). 

The first maxillae in the least specialized 
eases consist of a segmented bast? (protopodito) 
composed of two pieces, the proximal called 
the cardo an<l the distal calle<l the stipes. 
The stipes ends in two lobes, the inner calletl 
the lacinia, tlie <aiter the galea (Fig. 371). 
At the junction of these with the stijics is 
inserted on the outer edge, the segmented 
palp, obviously a sensory and tactile organ. 
Any of these parts may be much modified • 
thus in the Lepidoptera^ the galea is cion- 
fto. 872 .—a^a^mwkii- gated and grooved and so united with its 

/“•i.*** fellow ns to form a tube, through which the 

: 8 pwip. ° ' liquid food is sucked, the lacinia and palp 



* H. J. Hunaon^ ZooL Anz., xv*i. 1803, pp. 103 and 201* J. W. Folsom, 
HuU. Muz. Comp. ZooL, Harvarti, xxxvi, 11100, p. 87. G. H. Car{xjiitor, 
/^ Irizh Ac., Ser* B, xxiv, 1003, p* 325, 
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L,,' 




Mx 


Mx 


JLrf • 

j4vMd \ l)eing deficient. On 

tlie other hand in 
OcJ ^the Hy^nenoptera 
1 lacinia is en- 

\ jIc^ I ^ larged to form a 

Lt ^ pieri-ingbladewlulst 

n i^MA. galea and palps 

^ ^O" reduced (Fig. 

374). In Heiniptcra 
6 (^*g- 3 7 5) and 

many Oiptera the 
^ Ist maxillae become 

Flo. 373.—Oral apparatus of Butterflies (after Savijfny). a piorcillg StylctS j ill 
of Zygaenj; b of Soctna. A anti^nnae; Oc eyes; Lr .■ - 

upper Up; Mii maxillary palp; Mz maxilla (first) ; tllB foriUCr grOUp 

U labial palp, cut awy (In fl|. 6.) ai i t a 

the palps are absent 

but t!\ey are conspicuous in many flies (Fig. 376). 

The sixth segment, or seventh, according to Folsom, bears 
the 2ud maxillae with parts similar to the 1st maxillae, but 
I he cardines are usually fused to form a median piece the 
suh-mchttiv^, the two stipes are more or less fused and form 


Flo. 373.—Oral apparatus of Butterflies (after Savljfny). a 
of Zygaeni ; 6 of ^crt«a. A anti^nnae ; Oe eyes; Lr 
upper Up ; Mjl maxillary palp; Mz maxilla (first) ; 
lA labiul palp, cut aw’ay (In A|. 6.) 



Fia. 874.—MouUi parts of 
AnOkophora rritun (after 
Newport). A Antonaae; 
Oft ocoNi; Md mandibles ; 
Mz maxUlftO ; Mil max¬ 
illary palp; Lt labial 
palp: Gt ligula; Fg 

parag]o5sso. 



Fia. 375.—Mouth parts of 
Sepa cinzrea (after Sa* 
vigoy). Ui lower lip 
(labium) or rostnifti; Lr 
upper lip ; Md maudlble : 
Mx maxilla (flrst). 



Fio. 373.—Mouth parts of 
Cuitz memgroziu (alter 
Bccb^^r). Lbr upper Up ; U 
lower lip (pruD^cia); Li 
labial palp; Md man* 
iilbles; i/s maxillae (first); 
// hyiwpharyax (piercing 
weapoo). 
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the menium, while the part corresponding witli the galea 
of the 1st raaxUlae is often termed the parthjlossa, median 
to which, when it exists, is the lacinia. Each se<'ond maxilla 
normally bears a palp. Tlic complex formed by the fused second 
maxillae is often termed the labium or lower lip (Fig. 375). All 
the parts may undergo profound modification. The Hemiptera 
have their labia modified to form a jointed sheath in which the 
stylet-like mandibles and 1st maxillae lie, the labial palps 
are reduced (Fig. 375). In the Diptcra the labium is also said 
to form a grooved proboscis and the palps persist. In many 
Hymenoptera the mentum is drawn out into a long narrow 

structure (Fig. 374). 

The mandibles, and the first and second maxiUjw* arc often re- 
fern^d to as the mouth-parts or irophi. The homologies of these 
parts in the several Orders is a matter of some divergence of 
opinion and the whole subject would well repay a thorough 

revision based on embryological research. 

The seventh, eujhtti and ninth (eighth, ninth and tenth accord¬ 
ing to Folsom) segments always take part in the formation of 
the thorax and, in the case of the Hymenoptera. the first 

abdominal is 
pushed forward 
and included in 
this tagma. The 
appendages of 
the first three are 
legs, and these 
tlirec pairs of 
legs, confined in 
the imago to the 
tlircc typical 
tlioracic seg¬ 
ments, are very 
characteristic of 
Insects. Tlic 
legs arc usually 
diMtrii «d as con- 
KiHliiig of the fol¬ 
lowing 8t‘gmont8 
(i) the coxa, a 



F»o. 377.—WOerent fonn ol Irw (r^auo 

wlU. pi«4*U>ry \fra : b l«g o| Curafrw uiwd io e ot 

dut t.ryUUalpa u*«l In dJwlog , 

# •wlllUDtO8'(O0 oi Duii4CU$* 
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stout piece sometimes fused with the side or under surface of 
the thorax; (ii) the trochanter^ a minute,. often triangular 
segment; (iii) the femur ; (iv) the tibia ; (v) the tarsus ; tliis 
may in rare cases be absent, it may also consist of but one seg¬ 
ment but mure usually it consists of any number of segments up 
to live which is perhaps the commonest number (Fig. 377). The 

tarsus ends in two claws 
(rarely in one) between 
which very frequently 
a lobe, the empodium or, 
when Iiaiiy, t\\e>pulviUuB, 
projects. This may, o.g. 
iu the Diptera and Hy- 
menoptera, attain a great 
complexity of structure. 
The legs of insects 
may undergo great modilicatiotis. They may become brood 
and thick for digging, broad and Hat for swimming (Fig. 377), 
lliey may develop a comb for cleaning the antennae, or hairs for 
collecting pollen, or auditory organs as in the case of the Locus- 
tidae (Fig. 304) and GrylUdae, or stridulating organs os in the 
jVeridiidae. Very rarely arc legs ab'ient in the imago stage. 

The remaining segments belonging to the abdomen as a rule 
bear no appendages. There 
aio however exceptions, Uio 
larvae of the Lepidoptera 
and of the saw-fliea ore 
provided with a varying 
rmmber of feet in this region 
of the body. These differ in 
.structure from the thoracic 
limbs and are termed pro- 
h ijd. Again the members of 
tlie Order Thysanura bear in 
the adult a greater or smaller 
number of projections, 
one pair to each segment, 
wliich are usually looked 
upon as homologous with 
appendages, and some em- 



Fin 379.— a Illnil cd«1 of abdomen of a y<*unB 
female LoeutUt with tlw urotuberoncca of Uio 
oviiKwItor and the anal styles ; C* and C the lo- 
tomatandextenud protu»>eranc<»of the penul¬ 
timate ; C" the name of the antcpenultlinato 
segment, b slightly older stage, enympha;.^ 
anoa with anal styles (hftor Dowlts). 



yro. 878.—I’oatorior end of body of a Beetle 
(PtftoTtichut S ) (after Stein). 8. 9 dorsa) plates ; 
r 9" ventral plates; St atigina; .4 anus; Q 
V>}altai opening. 
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bryo Insects exhibit similar structures. Finally there are 

certain structures borne at the binder end of the abdomen 

which are regarded by some, though tliere is no general 

agreement on this point, as of the nature of limbs. .Xmong-st 

these are (i) the cercojwds ^ a 

or cerci anales, usually seg- U S 

mented processes, tactile in 

function, which both in . 

their appearance and their 

use resemble antennae ; (ii) 

the three, paired elements - ‘ 

of the ovipositor, whicli is I 

developed in the females of \ 

certain Thysanura, Orthop- / \ 

tera, Odonata, Hcniiptcra, ,'* ■ / V. ^ 

Pliysapoda and Hymeno- ^ i ( 

ptera, in which last named \ \ V / ' M 

order the ovipositor is often \ f ) \ .j * 

modified to form a saw or a ^ 

sting. It is formed, gen- ^^ * 

crally speaking, from ■ 

processes of the seventh, 

uightli and ninth abdominal **- 

segments, though in many ^ H \£ 

cases it appears that the J' ^'' 

posterior two pair of i)ro- / ^ 

cesses arise together from / / h\ 

the ninth (Fig- 379); (iii) ^ 

certain dospera and other ^ 

processes connected witli jr 

the male intromittent ago.—DidCHiivu app&ra(.iu of Api* tn^uifica 

rtriran And with conulation (aflorl.fon A’p salivary KUtids ; 0 « .>c*o- 

organ ana wim pl.ugus wim crop llk« diatatloo : l/Cliyliac ven- 

wYiirh «fK‘m to have an ; /(< tiialpighian vcaacU; K rectum wltli 

wmen seem w ia«» so-called rouUl glauUj ; </. Dr polaoQ glanda. 

origin similar to that of 

ll»e component parts of the ovipositor with whose claim to be 
regarded as true appendages theirs must stand or fall. 

The Alimentary Canal. Embryologically the alimentary 
canal is divided into (a) the atomodaeum or fore-gut wliicli gives 
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rise to(i) the mouth and pharynx, (ii) the oesophagus (Fig. 380), 
(iii) the crop, (iv) the proventriculus or gizzard ; (fc) the meaen- 
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teran or mid-gut wliicU alone is Uncd by endoderm and is usably 
small, in some case-i it is oven, absent; it forms (v) tec y c 

ventricle which usually is i)rovided with certain caecal glands; 

(c) the proctoilaeum or hind-gut whicli is divided into (vi) the 
ileum which bears the malpighian tubules, (vii) the colon and 
(viii) the rectum and anus. The epiblastic stomodaeum and 
proctodacuin usually retain their ehitinous lining throughout 
life. In many insects one or more of the eight parU men¬ 
tioned above cannot be recognized. 

In many larvae tlic alimentary canal is no longer than the 
body and is conseipK'ntly straight, but in most imagos it is longer 
and the excess in lengtli has to be accommodated by coding it 
into one or more looi>s, a rather rare feature in Arthropods. 
Again in tlie larvae of many Hymenoptcra, some Coleoptera and 
Diptera and a few others the partition between the mid-gut and 
hind-gut persists and the larva is physiologically aproctous 
until a late period. 

The mouth leads into a pharynx wliich in those insects tliat 
suck fluid food has ehitinous walls. Normally the walls enclose 
a triradiale lumen, but by the contraction of numerous muscles 
which run from the outside of the pharynx to the inside of the 
skeleton of the head this lumen can be enlarged untU in section 
it is almost circular and the fluid food then rushes into it (Fig. 
381). The oesophagtis is a simple tube running from the pharynx 
to the crop. It traverses the neck and enlarges into the crop which 
has muscular walls. In certain insects which take liquid food 
one or more food-rcservoirs open into the end of the oesophagus. 
These are present in the Diptera (Fig. 381, 13), Lepidoptera 
and Hymenoptcra and they ore usually but erroneously called 
" sucking stomachs**; they take indeed no part in the imbi- 
tion of the food, which is simply stored therein, until it is wanted 
elsewlicre. A good deal of the digestion goes on in the crop when 
present. The saliva of many Insects, which is alkaline, con-^ 
verts the starch there into glucose which passes through the walls 
into the blood. The acid secretion of the caecal glands of 
the chylifio ventricle is passed forward and assists in the 
emulsifying of fats and the conversion of albuminoids into 
peptones. The proventrictUus is well developed in many 
Orthoptera and Coleoptera and many ants. The oesophagus 
is in some speci^-i produced into it, like a funnel in a tumbler, 
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and thus forms a valve (Fig. 382). The proventriculus is very 
muscular and often bears inside cliitinous teeth and bristles which 
act as an efficient strainer. In the bees it forms the so-called 
** honey-stomach.’* The mid-gut or civylific ventricle is the only 
part of the alimentary canal not lined by chitin ; it forms a simple 
tube but gives off a certain number of glandular caeca. Tliefn- 
teatine, which is developed fronx tlio proctodaeum, bears anteriorly 



Fio. 8S2.—LooglUidinal section 
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FiO. 863.—Alimcolary canal and 
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the malpighian tubules. It may or may not bo divided, chiefly by 
v ariations in its diameter, into an ileum and a colon, and ends 
in a usually enlarged rectum. This often bears on its inner sur¬ 
face a certain number of papillae composed of a few large cells 
riclily supplied with tracheae. It is possible these papillae are 
respiratory, a possibility strengthened by the fact that the larvae 
of dragon-flies breathe largely by anal respiration. 

A curious cuticular tube is found in many adult insects and 
tlieir larvae apparently secreted by the cells lining the chylific 
ventricle and parts of the intestine ; it is termed the “ peritrophic 
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membrane ’* and it prevents all contact of the food with the 
walls of tlie alimentary canal. 

The glands wliicli open into the intestine are (i) the salivary 
glands whi<'h normally ojwn into llic stoniodaeuni and secrete a 
fluid used in digestion. I'luTo arc generally a pair on each side 


of the oc.sophagus, but tlierc may 
the bee and often a reservoir as 
well. Their united duets op< n on 
the hypopharynx. In the ease 
of certain blood*.sueking inse<^ls, 
e.g. !nr)s<|uitoes, the fluid is con¬ 
veyed down t)ic liypopharynx 
into the tissuc.s of tlic animal 
bitten and it is of a somewhat 
prjisonous nature. Unless some 
of it be sucked up again witli 
the hlood it can take no part in 
dige.stion. Tlui irritation is said 
to be eause<l by the excretions 
of <;ertain yeast-cells which ar(r 
found in the reservoirs, (ii) The 
Kilk-glands of oerlain larvae e.g. 
tlio silkworm, also open on th.it 
part of the labium called the 
lingua or liypopharynx ; ii is 
tempting to regard them as sali¬ 
vary gluiuhs; they are said to 
entirely di.sappear during pupa¬ 
tion, (iii) The caccal glands of 
llio mid-gut are usually two, six 
oreiglit in number or very numer¬ 
ous and seattcred over the an¬ 
terior end of this region of the 


be as many as eight pairs in 
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gut. Their acid Kccn-lions aet somewliat as does the pancreatic 
fluid of the Vertebrata. (iv) The malpighian tubes are the 
chief organs for nitrog«moufi excretion. 

Excretory organs. The malpighian tubules arc caecral ex¬ 
tensions of the hind-gut and they usually ojien into its anterior 
end, but in the Psyllidac they arc said to have shifted forward to 
the mid-gut whilst in certain Heiniptera they open into the 
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rectiim. They are wanting in Collembola and aphids. Tliey 
vary greatly in number from two to a hundred and fifty and 
an attempt has been made to use their number in the classi¬ 
fication of the Inseota.* 

These tubules, as is often the case in glandular structures, are 
lined by very large cells with very large nuclei, they contain 
uric acid and urates of soda and of ammonia and also crystals of 
leucin and taurin. These substances are passed out of the body 
by the intestine. The products of nitrogenous excretion are 
also found in certain ceUs known as pericardial ceUs, which are 
found in and about the pericardium, and in the fat-bodies. It is 
said—but it is very doubtful—that the fat-bodics store away 
the urates throughout life (cf. Tunicata) and that the pericardial 
cells give theirs up to the blood which transmits them to the 

malpighian tubules. 

The Circulatory System. The body-cavity of an Insect is not 
coelomio but haemo-coelic. It is full of blood and all the orgaM 
of the interior are floating in blood. The blood is usually 
colourless, but is greenish in those insects which feed on leaves | 
sometimes it is yellowish or brownish, and in the “ blood-worm, 
the larva of the Dipteron OAtronomw, it is coloured red with 
haemoglobin. The blood contains leucocytes which arise from 
certain ceUular masses, which differ in position in different 

insects and closely resemble the fat-bodies. ^ 

The blood is moved about by a pulsating heart, which under- 
Ues the dorsal exoskeleton of the abdomen in the median Ime 
and is contained in a pericardium. It consists of a series, dually 
eight in number, of pyramidal chambers, in whose wa^ are 
circular muscle-fibres. The apex of each chamber opens into the 
base of the chamber just in front and so forms a funnd. On each 
side of the base of each chamber is an opening or oshum through 
which the blood enters the heart and is then driven forward. 
Arriving at the anterior chamber it passes into a non-contractilo 
aorta which traverses the thorax and in the neighbourhood of 
the brain discharges the blood by an opening into the generrf 
body-cavity again. There is also a ventral channel which 
lies on the nerve-cord and is faintly contractile. It drives the 
blood from before backward. 

Separating the pericardium from the body-cavity is a perfor- 
^ SB. A . k . xd ^ 1885^ p* 8ST. 
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atod membrane, att-ached to which are paired aUirij m^uscles ; 
whose outer ends are inserted into tlie under sid(‘ of the terga. 
The contraction of these enlarges tlie pericardial space around the 
lieart and the blood passes through the perforations of the 
pericardium toward the ostia. Tire exact function of the peri¬ 
cardial membrane and its muscles is still a matter of dispute. 

There arc certain structures found in the body-cavity of in-et ts 
wliich play a part in the nutrition and excretory i>roccs^f- of 
these animals. These are (i) the Fat-bodies. This trrtn is applied 
to masses of opaque, white cells crowded witli minute fat globules 
and often with urates. They arise from the mesohlast and ar«‘ 
often metarnerically arranged. Tlie fat-bodies evidently play n 
part in the general metabolism of tlie insect and from tlieii smaller 
.size in tlie imago than in the larva of some species it would seem 
tliat they act as a food supply during pupation, (ii) The Pericar¬ 
dial Cells. These occur around the heart and on tlie pei ieardi li 
membrane and are sometimes metarnerically arranged. They 
also arc said to contain urates, and some authorities attribute 
to them a phagocytic action. (Hi) The Phosphorescent Organs. 
These are most usually found in the beetles ; in the abdomen 
in Lampt/ris and in the thorax in Pyrophonis. hls-sentiully they 
are ]>late-like modification.^ of the fat-body shining through 
tiic body wall and like the fat-body arc richly provided with 
tracheae- Their light is the most economically prorliicc-d we 
know, since no energy is wasted by the production of heat, 
and all the radiation Uea between the two ends of the visible 
spectrum. In those cases which have been investigated, the 
spoctrum of the phosphorescent light gives no dark bands but 
is perfectly continuous. The usual view of the function of tiiese 
organs Is tl- at they serve to attract the other sex. timefy ♦ how¬ 
ever bolds that they act as a danger signal, a warning sign that 
their possessor is inedible, (iv) The Oenocyte crfls. These are 
clusters of very large cells, the largest in the body except the 
ova, they are found usually in the abdomen of winged insects 
attached to the end of tufts of tracheae. Unlike the fat- 
bodies mentioned above, they arise from the ectoderm, being 
pushed in with the tracheae, and are si^gracntally arranged. 
Although they somewhat resemble the blood corpuscles they are 

* EciUehr. viss. ZooL, zl, 1684, p. S18, and BmU. Boe. ent. xvii, 1883, 
p. S51. 
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not believed to give rise to them, and tiieir exact function is by 
no means settled. 

The Respiratory System, 
Insects breathe by means of 
tracheae or brandling, elastic 
tubes, which as a rule com¬ 
municate with the atmo¬ 
sphere by means of pores 
called siigniata or spiracles at 
their outer ends, and at their 
inner are distributed to all 
the fixed cells in the body. 
Since each cell has a direct 
air-supply the respiratory 
function of the blood is re¬ 
duced to a minimum. 

The tracheae from the fact 
that they contain air appear 
of a silvery brightness. Each 
consists of a chitinous limng continuous witli the chitinous 
exoskeleton; this is secreted by a single layer of well-marked 
cells continuous with the epidermis. The chitinous layer is 




Fl4. —PoriloQ of iho abdomioAl pAtt of in cheat syatam of a l>ocu9i (OfeUpodm), a 

e^raculat ortfleee ; b traebea) tubes ; c vesicular dtlataiions : d iiuctic^U or capil¬ 
laries (after h. Daloar). 

strengthened by spiral threads sometimes called taenidae which 
project on its inner surface and servo to prevent the tube 
from collapsing. In insects wliich fly actively the tracheae in 
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some cases expand to form large air vesicles. In these swell¬ 
ings the spiral strengthening is missing, as well as in the ter¬ 
minal capillaries of the tracheae. 

The dtigmata, by means of which the air enters and leaves tho 
tracheae, are arranged as a rule along the sides of the thorax 



Fio liftrvA of Kph 0 mera with ftcveo p&Sra of iraciie*! gills Fi, slightly msgnlfled 
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and abdomen. They are oval slits with often a complicated 
armature which may bear bristles or hairs to keep out tho dust. 
In many forms the opening can be closed. As a rule the stigmata 
lie in tho pleura or soft tissue between the terga and sterna, 
usually two pairs on the thorax and ton on the abdomen, but the 
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number and position are subject to great variations. The air to 
a slight degree doubtless enters by diffusion, but insects also 
exhibit very marked respiratory movements; the abdomen con¬ 
tracts and expands many timed a minute and these muscular 
movements doubtless assist the passage of the air up and down 
the tracheae. Except in certain Thysanura the tracheal system 
associated with one pair of stigmata communicates with all the 
others by means of longitudinal passages (Fig. 386). Thus if by 
accident one stigma be blocked, the parts supplied through it 
receive air from the neighbouring stigmata. 



FlO. 388.— Dcr^ftl view o( the bralo 
of MeJMuplus /emur-ru^fum mas* 
(ftfUr B. Burg^). / ocvlh ; 
C median octlUr nervo ; J .itWcTii<3 
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mlsiuro to sub-oesophageal gan¬ 
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brain and sub-oeoophageal gan¬ 
glia ; 9 optlo ganglia. 
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In the larvae of many aquatic and certain i>arasitio insecte 
the tracheal system is closed and this secondaiy condition is 
termed ajmeustic as opposed to the normal state of affairs known 
as holopneusiic. The respiration then takes place through the thin 
integument of the body or through special tubular or leaf-like 
gills, which are richly supplied with tracheae and present a large 
surface to the oxygen-containing water. This general respira- 
tioa is supplemented in the Odonata larvae by a marked anal 
respiratiem. When tracheae are present in aquatic larvae they 
are often much modified in position and tl\eir stigmata may 
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be l)ornc at the eiul of dongatc processes of the body as in 
Eristalis and in the Culicidu»\ Water-insects in the imago 
state have open stigmata and tliey come to the surface to breathe. 
They usually have some arrangement whiclt enables tliein to 
entangle beneath their elytra or elsewhere some bubbles of air 
which tlicy carry beneath the surface and use during their, 
lengtliy submer¬ 


gence. 

T li e Nervous 
System. TheLcii- 

tral iK'ivous sys- 
teiii of an inject 
consist.^, »'f a brain, 
an itil'raoesopha- 
geal ganglion and 
a chain of paired 
ventral ganglia 
extending through 
the thorax and 
abdomen. Typi¬ 
cally there is one 
pair of ganglia to 
a segment, but 
they tend to un¬ 
dergo a consider¬ 
able amount of 
fusion and sup- 
jMression even in 
the abdomen. 

Embryologi- 
cally the brain * 
oonsiste of tlu^ 



Fio if' vi I lie of MtUnopluf femur^rubrum^ 

iUv irti wall <'f which hiis l>e«D removwi to expoeo the 
f.rftln oiH‘ f V. / wUl Aotl oerrm leadiuc 

iii them ifidii fhe two henileplirrcs; • «oUftiia , 3 

medUfcO ocollor uervo ; 4 antennAJ or olUctory lobe; 6 
froDUl of sympathetic Dor>e : 6 oeaopfiageal 

coaiiDb9urr» to euboeeophageal ; f oerre to 

Ubmm * 3 c1ypeu» ; 9 nerve to mai^.lihlc ; 20 muilUry 
nerve* //UbUI nerve ; /^Ubniro; iJ ruandible ; 14 U- 
blom: 20 ftuboeeopbaseal fnnnUoD ; 26 on^nown Dcr>*e ; 
27 eympnibetlc nerve ; 2M poaterior 

•yrDMibeilc i^nfilU ; 29 uierlor aympathotle ic^nglion . 
to opUe lobe eeodinfc off ibe optic nerve : it optic nerve; 
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fused pairs of 

ganglia (Fig. 389), (i) the procerebrum f which forms the optic 
lobea and supplies the eye*; (ii) the deutoeerebrum which is 


regarded as primitively poetoral bat which has become preoral 


^ See *lito pp. 320 and SSI. 

t Tte prvoer^bcuru of meerttf is sroonlmg to Ht^ynu^fut 

B«ft. 33, IPOI. Die En4wick]ufig>*i,'i '-<'hirhf«* S<'utop€B<fcv/* 
L4S) thn hi>molo|f?j** of the protocerebrum tifn$u aiticto, together with 
the sjucenrbrufu oi .Myrtapodn. 
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by the shifting backwards of the mouth; this supplies the 
antennae ; (iii) the iriiocer^rum which theoretically supplies the 
lost intercalary or premandibular segment and which sends 
branches to the labrum (Fig. 389). This part of the brain probably 
takes a large share in the formation of the circumoesophageal 
commissures which end in the mfraoesophageal ganglion. This, 
like the supra-oesophageal nerve-mass, is composed of three fused 
pairs of ganglia, which correspond with the mandibular and 

1 st and 2nd maxillary seg¬ 
ments respectively. The in- 
fraoesopliageal ganglion sup¬ 
plies these appendages and 
contains a maxillula neuro- 
mere (Fig. 390). It also sends 
nerves to the salivary glands. 
In some genera, e.g. Nepa, 
Acanthia and a few others, the 
infraoesophageal ganglion is 
fused with the first thoracic, 
but the more usual arrange¬ 
ment is that this ganglion is 
followed by a series of tlirco 
others wliicli belong respec¬ 
tively to the pro- meso- and 
meta-thorax, and supply 
nerves to the appendages, 
muscles and other structures in 
these regions. The nervous 
. ^ , system has typically a pair of 

Fio. 801.—Cophaltc and ventral chain of RAO- * , i_ i -.^-l 

glia. A larva of ChironomUM ; B Iningo ol gancll^ for CftCll abClOniinai 
hippobotn (aftor Brandt). o ^ 

segment, but a greater or less 
fusion nearly always takes place. The posterior ganglion is 
alwa 3 ^ complex, and the entire abdominal chain may be concen¬ 
trated into one ganglion, as in Gyrinns and in many Diptera 
(Fig. 391 B), or even drawn up into the thorax and fused with 
the meso- and meta-thoracic ganglia as in Lachnoslema fusca. 
This concentration reaches it-s height in the parasitic Diptera 
Pupipara where infraoesophageal, thoracic and abdominal 
ganglia arc fused into ono oomrnoii mass* 

A system of “ sympathetic or “ stomatogastric ** nerves 
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insects are of two kinds, 

pz gk / 
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with a.ssociatcd ganglia arises from the tritocerebrum and sup¬ 
plies tlie labrum and alimentary canal. It is partly median in 
position. 

Sense Organs, (i) The eyes of 
compound and simple. 

The compound eyes arc 
sometimes regarded as ho¬ 
mologous with a pair of 
appendages borne on the 
most anterior segment of 
the head. Tljcy consist of 
a number of omniatidia 
(v. p.329),sometimes many 
thousand, and may occupy 
a very large area of tlic 
surface of tlic head. Tliey 

may as in the case of the blind termites and in many cavc-in.seots 
be altogether suppressed. In the Diptera and Hymenoptera and 
others, in wliich the eyes reach a In'gh degree of perfection, there 
is a distinct portion of the brain, the optic tract, from which 
the oj>tic nerves origiirate. The simple eyes are usually two or 
three in number, but may be as many as twenty, grouped on 
each side of the head. They are entirely wanting in the Dcr- 
maptcra and in certain Hemiptcra and some other inscct.s, and 
to sooje extent their prcscitce is correlated with a well-developed 

power of flight. 

(ii) The olfactory 
organs of ifisccts ap¬ 
pear to reside in the 
antennae, and tlieir 
terminal structures 
take tlic form of 
minute Jiairs ])artially 
in microscopic 
pits. Tliese exist in 
extraordinary numbers ; for instance each antenna of the male 
cockchafer is said to be proridwl with some forty thousand of 
these organs. 

(iii) The auditory organs. In comparatively few insects are 
there well developed, specialized auditory organs. Certain 
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hails scattered over the body, and in some of the Diptera the 
hairs on the antennae, arc sensitive to sound. Such hairs are 

termed cliordotonal organs. The numerous, 
delicate hairs on the antennae of the male CuU- 
cidae are set in vibration by the humming of 
the female and their heads are readily turned 
ill the direction of the female when she begins 
to buzz. The basal joint of the antennae forms 
a socket richly supplied with sense organs and 
containing a large ganglion. The inclination of 
the antennae lodged in this socket doubtless con¬ 
veys much information to the gnat. In the Acri- 
diidae a more specialized organ is found on 
the anterior segment of the abdomen. This 
is provided with a drum or tympanum sur¬ 
rounded by a chitinous ring. On the inner 
face of the tympanum are a couple of hom-like 
processes to which a vesicle full of fluid is 
attached. Tliis vesicle i? said to act like the 
membranous labyrinth; it is in connexion with 
the auditorj' nerve which arises from the third 
thoracic ganglion. Somewhat similar 
structures are found on the tibiae of 
the anterior legs of the Locustidae, 

Gryllidae and Termitidae (Fig. 394). 

(iv) Organs of taste and touch. In¬ 
sects undoubtedly have marked 
preferences, but it is difficult for 
us to distinguish between their 
organs of taste, smell and touch. 

Certain hairs on the epipharynx and 
other parts of the mouth are pro¬ 
bably organs of taste, whilst- others 
on the palps may subserve tiie func¬ 
tions both of taste and touch. The 
body of an Insect being encased in 
a hard unyielding exoskeleton is 

mainly dependent on certain hairs (well supplied with nerves 
(Fig. 395) which project from almost all parts of the body) for 
the knowledge it gains of the outer world by touch. 


Fio. 391.— Tibia 
of th6 anterior 
leg of Locusia 
ri^itnma (after 
V. Graber). Ty 
t5'mpaQlc roem* 
braue with oper* 
culuiu 
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It being impossible to become an insect, it is also impossible to 
know what an insect feels and appreciates. It is more than pro¬ 
bable that insects have sense organs which have no counterparts 
amongst vertebrate animals and these we cannot even hope to in¬ 
vestigate. It is further practically certain that the range of eyes, 
ears and other sense-organs differs from that of the corresponding 
sense-organs in man. Insects probably hear sounds we cannot 
hear and see things hidden from our eyes, but the diflSculty of 
research in this direction is 
great and at present we are 
in a state of very consider¬ 
able ignorance as to their 
powers of sensation. 

Reproductive Organs. In¬ 
sects are bisexual, but occa¬ 
sionally parthenogenetic 
Both ovaries and testes are 
confined to the abdomen 
and as a rule to the pos¬ 
terior part of it. In a few 
cases, as in the Thysanura, 
the ovarian tubules are seg- 
mentally arranged though 
united by a common ovi¬ 
duct on each bide, and 
stretch throughout the ab¬ 
domen. In the Kreat major- WIO. m.—Fema 1 « sexu*] organ* of Van4»$a 

P ^ urtims (after Stelo). Ow the ovarlao Uibm 

ity of Cd <806 tho oxtornft] ^ lecepUculum teiniiiis and aooea- 

, aory glaada; Fa vo^tina; Be biuva copuUtrlx 

OriuCe IS Situate between the ducileadlog to the oviduct; Dr glandular 

appendage; glaodulae aebacaae; H 

eighth and ninth segments^ rectum, 
but it may bo one segment 
in front, or one segment behind this level. 

The organs are paired and as a rule there are several ovarian 
tubules; in the queen termite some fifteen hundred, in the 
queen bee some hundred, but usually six or eight occur on each 
side of the body (Fig. 396). Within these the ova are formed 
and the tubules on each side unite into an oviduct. Primitively 
the right and left oviduct opened independently, a condition of 
things which still obtains in the Ephemeridae and in Lepiema, 
but in other insects the two oviducts unite into a common, 
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muscular vagina which opens to the exterior. At the anterior 
end of each ovarian tubule the cells are undifferentiated. As 
they approach the exterior they fall into groups (Fig. 397). In 
the simplest case as in the Cockroach (i) where there are no 
nutritive cells, the eggs lie in a row one behind another and 
each egg is surrounded by a layer of minute cells, which secrete 
the chorion or thick outer cover of the egg which is pierced by 



Fio. 807.—o egg tube of Forflcvlo. 2iz nutritlvo coll* ; E: ovunt; OB cpitlidiiiin of the 
wall of the ejoj tu)>c. 6 median part of the egg tube ol a moth. A* ntitntive cells ox 
the yolk*chainbcr ; ovum In the genu-cluimbcr; // connective tissue 
eo«caUcd serosa, c egg-tube of Ai>hi$ ^aiancndf4 with throe ovarian chambore 
and the t<;riuina) nutritive chamber with ita cells A'r ; 2)$ yolk cord. 


a micropyle for the entrance of the spermatozoon. A more usual 
arrangement is (ii) where, between two consecutive egg-cells, 
there lies a mass of nutritive cells which are gradually absorbed 
as the egg approaches the vagina. This is found for example in 
Dytiscus. A third condition (iii) is that in Rhizolrogu-a where the 
ends of the ducts are swollen and form a nutritive chamber in 
wliich the eggs absorb food as they pass through it. 

Certain accessory glands usually open into the vagina and 
secrete such structures as the “ cocoon ** whicli surrounds the 
batches of eggs of the cockroach. A spermatheca is also often 
found and has as a rule an opening distinct from that of the 
vagina. In the case of bees the spermatozoa retain their 



DEVELOPMENT. 


639 


vitality in the spermatheca of the queen-bee for over a year. 
The ova arc fertilized internally, and are laid singly or in clusters, 
or in a cocoon (ootheca) as in the cockroach. 

Tlie testes are less conspicuous than 
the ovaries. Each may consist of a 
long tubular gland, but more usually 
they are tufted and provided with a 
number of follicles. In many Ortho- 
ptera, Coleoptera, Lepidoptera and 
Hymenoptera the right and left glands 
may be closely united and appear as 
one. Each opens into a vas deferens, 
which may be short or long. At the 
outer end each vas deferens usually 
swells to form a vesicula seminalis in 
wliich tlic spermatozoa accumulate; 
they then unite into an ejaculatory 
duct which is protrusiblc. As in the 
corresponding parts of the female the 

ducts of the male usually bear certain accessory glands of 
often doubtful function, though in some species they supply a 
secretion which forms the packets containing the spermatozoa 
(spermatophores). The spermatozoa of insects, unlike those 

of most Artliropods, are pro¬ 
vided with vibratiie flagella. 

Development. In tlie course 
of their life many insects un¬ 
dergo profoimd changes in 
their constitution and in their 
form. The egg as a rule gives 
rise to a larva which forms the 
predominantly feeding and 
assimilating stage. The larva 
is succeeded by a pupa or 
chryealie stage, a period of 
quiescence during whicli many 
of the tissues are disintegrated and rebuilt. This in turn gives 
rise to the imago, during whoso life as a rule little growth 
occurs, but the animal is given over almost entirely to reproduction. 

A few insects produce their young already freed from the egg- 



Fto. 8M.— MmU geneiatlva organs of the 
Oockcliafer (afUr Uogeobaur). T ioat<a ; 
V4 dilated portion of the seminal duct; 
Dr colled accessory gland* 



Flo. 3dd.—Tcrmloal region of 
the female generative organs 
of domaslua (after 

SielD). Od oviduct; Rc the 
three reoeptacuU seaUnls; 
Dr glandular appendages of 
the vagina ; Bi blind aac^Uko 
appendage. 
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shell and are then said to be viviparous e.g. some Muscidae, 
a few Oestridae, and the Pupipara amongst the Diptera, the 
Strepsiptera, the Aphidae and certain Ephemoptera. All othera 
lay eggs, that is. are oviparous. 

Occasionally theegg develops parthenogeticallyi.c.,wi thoutferti- 

lization. This takes place in the Aphidae. where parthenogenesis 

is limited to a few generations, and in 
the Cynipidae to one. This alterna¬ 
tion of parthenogenetic with sexual 
reproduction is termed heterogamy. 
Certain kinds of young of the 
Psychidae, Tineidae, Coccidae and of 
numerous Hymenoptera (Apidae, 
Veapidae, Cynipidae, Tenthredinidae) 
and others also arise from eggs which 
haveneverbeenfertilized. Thedrones 
of the social colonies arise in this 
way. Chermes presents an example 
of heterogamy, two oviparous but 
different generations following one 
another in the course of the year. 
A winged form lasts through the 
summer and from its eggs a wing¬ 
less form arises in the autumn and 
lives through the winter and is re¬ 
placed by the first form again in the 
spring. In many species of Chermes 
the male is unknown. In certain 
species of Tenthredinidae, Coccidae 
and Cynipidae no male has yet been 
found, and as far as we know repro¬ 
duction in these species is entirely 
parthenogenetic. In some insects 
the unfertilized ovum always gives rise to one sex, it may be 
male or it may be female. In a few Diptera pctedogeneaid 
occurs, young being produced by a pupa or even by a larva. 

The eggs laid by an insect vary in number from a few as in the 
Collembola and Psocidae to a million as in the Bee. They are 
usually deposited in water or on or near the food, which may 
consist of plmits, animals or dung, on which the issuing larva 



Fio. 400.—HicxopylM (Mk) of (usect 
eggs {%tteT B. LrackftH). a upper 
part of the ea-eheU of AniAomifia ; 
0 egg of Dro$opAiia c$Uaru ; c 
■talked egg of Panisctu Urtocma. 
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Uveb. The cockroach shelters her eggs in a stout chitinous 
ootheca, the Mantis in a papery dome of hardened froth, 
the lace-winged Neuroptera protect 
their ova by supporting them on 
thin unclimbable stalks (Fig. 400, c), 
the Hymenoptera guard theirs in 
cells of wax or cement. The chief 
enemies to tlic eggs are certain 
species of ovivorous mites. Tlie 
time of incubation varies from 
few liours to, in the case of certain 
“ walking-stick ” insects (Phasmidae), 
two years. 

The <‘gg is as a rule large and con¬ 
tains inucli food-yolk. It is rounded, 
oblate <jr more usually oval, and the 
ouU*r egg-shell or chorion may be 
much scnlplurwl. The anterior end 
of the egg, that which will give rise 
to the head, lies—whilst the ovum is 

still within the ovaries—directed to- 

wanls the* head of the mother. 

During the last few years the 
phenomenon of polyembryony or 
<‘inbryonie fission has been found to 
occur in the families Chalcididae 
and Proctotryjndae among the 
Hy menopb'ra. Naturalists have 
long been familiar with some rc- 
iiiarkablc facts connecU'd with the 
life-histories of certain members of 
the former family, but it is mainly 
tlirough tlie recent researches of 
Marchal * and of Filvestri f that it 
has been possible to give a correct 
interpretation of them. Marchal 
studied the biology of Encyrtus fuscicoUis. a parasite of the 

• Arch. Zool. rt Ocru 4;, ii. 1904, also Hull Soc. Vaud. Sci. Nat. 

1900. No. 153 

t Rend. Acc. Lined (5), riv. ii., p. 634. 

Ill 



Fio 401.- DlApranifnAlIc median ioc* 
tiori through the cad Mu$ci at 
the Htaffc ot fcrinititioD (takcD 
friuii drawing/} by HcnkJng and 
BlochmaonK fh chorion ; d dor* 
ml bMc ot Uie egg; dh viUlUne 
nionihranc ; do food-yolk ; g glu¬ 
tinous cap over the microti vie ; k 
jMfrIphcral protoplasm (periplasm 
or pcrtvltellusl; m inlrro|>yle ; p 
malt? and female nronucleus before 
fusion ; f pbUr bod* 
aide of the egg. 


lies ; p ventral 
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larvae of moths of the genus Hyponomeuia^ and it is in an egg of 
the latter that the Encyrtua deposits its own egg. By a remark* 
able process of nuclear fission a single egg of this parasite gives 
rise to over a hundred embryos, arranged in the form of a con¬ 
tinuous chain, and lying in the body cavity of the larval host. 
The resulting larvae devour the organs of their host and pass 
into pupae under its now empty skin, and after a short interval 
the winged Chalcids emerge. 

Silvestri has studied another member of this family viz. 
Litomasiix truncateUus. which is similarly parasitic in the eggs 




blMt^erm In Bydrophilus (after Heldtr). b dcv-eloped 
b^toderm . d food-yolk; / ao-called clea%-age-cells ; k peripheral protoplasm; t yolk- 


of the Noctuid moth Plusia gamma. In this case it was dis¬ 
covered that a single Litomaatix egg produced about a thousand 
sexual larvae and a hundred or more “asexual** larvae 
within its host. The former alone are transformed into adults, 
the latter subsequently perish. 

In the family Proctotrypidae Marchal has studied a species, 
Polygnotus minutits, which is parasitic in the larva of the 
“ Hessian ’’ fly {Cecidomyia destructor). In this instance the 
embryos resulting ffom the fission of a single egg seldom reach 
twelve in number. 

In both families it has been ascertained that the winged 
parasites which emerge from a single host most often belong 
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to a single sex. At times, however, males and females come 
out in equal numbers, and this is to be explained on the grounds 
of tlie host containing more than one chain of embryos, since 
the parasite sometimes deposits more than one egg within that 
of its host. Tlie phenomenon of polyerabryony has a wide 
biological significance on account of its bearing on the problem of 

sex. Similar processes occur among the Polyzoa (Vol. I., p. 563). 

Witliin the vitelline membrane which is secreted by tlie egg 
itself lie.s a layer of protoplasm, the yeriplasm, comparatively free 
from yolk ; tliis surrounds a central mass in which the protoplasm 
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im. „M.-F.,.,br,onlo Si'u'Jffi. Sq.m'S 

knvoluUtit) the 'coUftl The ^ involution, e The embryonic 


involution o( the vcoUal pUt*. . inc urc nit c volution, c The embryonic 

U.o pole. O odRo J if vlBvcr.1 (nmnlon) Uyer of Uie Utter, 

meinbran.-* uw on t»« ventrAl plate. A antenna ; 3/d mandible ; 

d JU. "PPf-J*^, •t;;in^a*Ula"ubTum or low^r llnl. Then follow three naira ol 
i/r' nra niaxJlU , at . %*hJch l« i»rt*triid<vl iroih Oi© iiliefttl) o! the vJtccrAl layer. 

ind m the body la free ; the yoU sac la on UiO 

dorsal »urlAC«. 


is scanty and crowded with food-yolk (Fig.401). The nucclus lies 
in the central portion, but approaches the surface when mature, 
and then it gives off successively two polar bodies and, after re¬ 
ceiving the male pronucleus, passes back as the cleavage nucleus 
again towards the centre of the egg. It then divides, and when 
the products of division have reached a certain number, most of 
them approach tlie periphery and around each a certain cell- 
territory becomes marked off in the periplasm. Thus an 
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epitheliiiin>Uke blastoderm is formed all over the egg. A few 
of the cleavage nuclei remain in the yolk and together with the 
protoplasm around them develop into vitellophags which help 
to liquefy the yolk and render it capable of being assimilated. 

Very soon a differentiation appears along the ventral surface. 
The blastoderm cells there thicken to form the embryonic band 
and along the median line some cells are invaginated to 
form the “lower layer** which is destined to form ultimately 


am. 





^*devtlftnmo.rf ^ ^ JhroiicJ. an to llliwtrntc llio 

cnvcJorKs. Jn A tlio acrni-lwnd Kk. Ls n..t cv»i|.Jrtc-ly 
amnlotic fold. In S tho amniotic folds liavo united and complotcly evver 
h" * posterior polo of tlio crk ; r ventral; d doisnl*,/ amXtic 

i ‘‘'"■'•on ; do f(XHj.yolk; re ertodenn ; * ccphnlJr cud of 
the fLi.t ^ Oio Bcrm-li.'jnd ; * imrt of (lie 6Cftw.-i derived from 

lower"la"i°cr." Aftv ^^.Thc^lUnd unailfercutlaled blastoderm; u 


both mesoderm and endodcrni. The dorsal opithcliuni has in 
the meantime become thinner and lies like a layer of flattened 
cells on the yolk. TJie embryonic band is not exposed. It 
may sink into the yolk in the manner indicated in l^g. 403 or 
more usually it is concealed by the upgrowth of an amnion as is 
shown in Fig. 404. The embryonic band at an early stage shows 
traces of segmentation corresponding with the somites of the 
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adult, and as a rule the development of the somites and their 
appendages takes place from b(“forc backwards. An anterior 
ectoderm invagination to form the stomodaeum and a similar 
insinking posteriorly to form the jiroctodaeum occur about tlie 
same time as tfjc primitive limbs b(*gin to project. Thesecond 
of these limb.s, tlie antennae, are at first postoral but soon .shift 
in front of the moutli. In many developing insc'cts rudiment.sof 
abdominal appendages have boon seen, but these all disappear 
at an early age, excepting in the C^»llenibola and Th3’.sanuri. 
The nervous sys¬ 
tem arises as an 
ectodermal thick¬ 
ening before the 
limbs appear and 
quickly undergoc.s 
a segmenta t i o n 
into ganglia. The 
traclmae arise a.s 
ectodermal in¬ 
vaginations, typi¬ 
cally a pair in each 
segment of the 
body. 

Whilst the.se 
variou.s proces.scs, 
more or les-s ex¬ 
ternally visible, 
have been going 
on, the embry¬ 
onic band has been 



Fio. 405. - Em)>r)’09 of with iinih-rudimoittd (aft4?r 

fulfil a aim) aiK'rturc ; an ant^^ina ; 

g rudiiiient of tlic ventra) clmln gjinulia ; m oral niA riurv ; 

m^i Hrsit, mr2 iMAxiDa ; /A thv 

1 *^ ;A rudlnienLi vi ilit? 

rk j»ri(iC|*Jiolou. 


m4 niaddihic. . . ^ 

tlircH) pain of hnih^ ; /A $ 

nnt BIX aLNioiiUtiol Jlriibs ; H etlKiuata ; 


growing all along 

its sides and tlius gradually ensheathing the yolk. The larger 
part of the layer of cell.s which we have r<‘feircd to above as 
the “ lower-layer,” becomes mc.sodorm, but anteriorly around 
the base of the stomodaeum and po.steriorly around the haso 
of the proctodacum some of the cells of the “lower-layer” 
form the rudiments of the cndoderin. These rudiments grow to¬ 
wards each other, forming two V-shaped bands which ultimately 
fuse and then broaden out, enclosing between them a large part 
of the food-yolk. The two bands first tiicet in the ventral lino 
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and ultimately in the dorsal. By this time the yolk has come 
to lie completely within the alimentary canal. In some insects 
however the above account does not hold good. In them the 

alimentary canal seems to 
arise entirely from the ecto- 
derc^al invaginations of the 
stomodaeum and procto* 
daeum.* 

The salivary glands arise 
as ectodermal invaginations 
and originally open on the 
exterior of the body but 
subsequently into the stomo¬ 
daeum. The malpighian 
tubules arise as out-growths 
of the proctodaeum. In 
one or two genera, e.g. Ayis 
they appear before the proc- 
todacum is formed and thus 
for a time open on the 
exterior. 

What is left of the “ lower- 
layer,” after the separation 
of the endoderm rudiments 
before and beliind, forms 
two bands, and segmental 
coeloinic cavities appear 
along each band. These 
extend into the limbs and 
are better developed in the 
Orthoptcra than in other 
groups of Insects. The hae- 
mocoel of the Insecta lias 
nothing to do witli these 
coclomic cavities but is 
formed by the separating of 
the embryonic band from the yolk and for a time is bounded 
by the yolk on one side and certain sparsely scattered raesen- 

• Heymotxs, SB. Ak. Berlin, 1894, and SB. Ges. Naturl. Berlin, 1890; 
and Witlaciil, Zeit. vtiee Zool., xl, 1884, p. 669. 



Fig. 406.—Irensverso section throuah the ab- 
domlDal region u( an embryo of Phyliodromia 
gnnMica, after the clrcuincrcscnncc of the yolk 
and the formatloo of the doraal BurXaco are 
completed, bg ventral ganglionic chain : ct 
rudiment of the cITerent genital duct; d footl- 
yolk ; tf terminal filament; en entoderm ; fk 
tUAue of the fat-body ; gz genital coils ; h 
heart; p$ pericardial septum ; t tracheal stlg* 
ma ; $v splanchnic mesoderm \ vm ventral 
longltudinnl muscle. 
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chymo cells on the other. The most dorsal edge of the 
somewhat triangular coclonuc pouches gives origin to a row of 
cardioblasts or ceils destined to form the walls of the heart. The 
pericardium arises a little later, also from the mesodennic 
cells. 


A 



Flo. 407.- Trawvciro Kortioiui (Uruugit the aUlomifUil nuion Iwo cofiMcutUe in 

of i*hylio4ifomia g^nuinicc fafUT ofn oninlon ; bg ruilUttmt of 

the ventral clinln at gaij^Na ; r r<»rl<»inic cAvIfy ; iIojvaI. ftfid f' ventral p'^rtlori of the 
cocinmir ravlty ; rr c<*IU of Ihr priiiiitlvp \yUt*‘U Uronio applkd lu Uic fjcrrltol 

nnUincnl; d ti*€Ki-yv\k : duf dnrsnl maJI of tlo* rocloniU’i-ar ; cctodcnii: rp epithelial 
«*IU ; rx nlrdfuiilno) linib-ru<tiliH nU : / ru«Mini f»t of iUv fut«lK>dv ; tP'iillal rPlU ; /ir 
lal^'tal wall Uir rcKjornlc luir ; r>i »iu*M»<h*rin-n*llR vlilvh d'» >»ol Ittkr part li> thp foniiatiun 
<»f the cu4*lotiilc aac« , mtt nicJlan wall <>t th«* oLK'jMiiiic Kac ; vm ventral luD'iiiudlnal oiuaclo. 

Tile inubcles of the Insect body are differentiated from the 
cells of the somatic mesoderm, from wliicli the fut body also 
originates. 

The cells which form the reproductive elements are recogniz¬ 
able at an early stage, indeed, in the DipU;ra and Aphidoc, before 
the blastoderm is definitely establislied. In other Insects they 
are conspicuous by their large size lying in the splanclmic wall 
of the coelomic sacs from the second to the seventh abdominal 
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somites (Fig. 407). They later shift into the lumen of the sac, 
the dorsal wall of which forms the terminal filament of the 
reproductive gland. The cells from neighbouring sacs ultimately 
become contiguous and the investment of the gonad is derived 
from adjacent mesodermic cells. 

Metamorphosis. The egg of an Insect gives rise to a creature 
which always differs more or less from the adult, and in 
many cases the difference is so great, that, unless we 
knew their life-history, we should hardly class the larvae 
amongst the Insecta. Tlie typical number of segments for the 
species is however always found in tlic larva, so the difference 
between young and old is not so marked as between such a larva 
as a nauplius and the form it gives rise to. In many orders, 
which in certain features of the development most closely re¬ 
semble the Myriapods, the change from larva to adult is com¬ 
paratively gradual. Tlie animal undergoes a series of eedyses 
and after each casting of the skin it approximates a little more 
closely to the final form. Such a series of small step.'* is 
termed inco^iplr.tc metamorphosis. In the remaining orders, 
the larva differs more or less markedly in structure and in 
Iiabit from the adult. 

It has been thought that in some groups such as t!»o Thysanum 
no metamorphosis whatever occurs, and that the young are 
simply miniature copies of the adults, and merely increase in size 
during development. These insects were called Ametabola. 
But Heymons * has recently sIiomti that there is a slight 
metamorphosis even in some of the most primitive Thysanum. 
He concludes that apart from a few exceptional cases no such 
thing as true ametaboly exists in the Insecta, but that all un¬ 
dergo some metamorphosis. He proposes the division of the class 
into two categories.f 

(i) Epimorpha, in which the young differ from the adults 


• Heymons, Ubor die erston Jngoudformen von aUernaia Silv., 

S. H. dor Gea. Naturforsch. Freundo, Berlin, 1900 (Dec.), pp. 253-250. 
Heymons’ views aro olaboratod in on iiiiportant paper in Si>ongere Er- 
(fcbnisse und ForischriUe der Zoologic, Jena, i, 1007, pp. 137-188. 

t Insects nro also often divided into forms with incomplete metamor¬ 
phosis or Hcmomqrpha, and those with comploto metamorphosis or 
Het-cromorpha. The correspondence of these groups with those adopted 
by Heymons is shown thus :— 

Homomoi?)lm = f SS«Ubola>„. . 

Hetoromorpha = Holomotnbola J “®**”*orpha. 
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only by tlie incompleteness of their organization, and change 
gradually by a serie-.s of moults into the adult form. 

(ii) Metamorpba, with a definite larva the structure of which 
is in many ways completely different from that of the adult, and 
with a more or k'tss complete transformation from young to 
adult. 

I. The Epimorpha. 

The young resemble the adult on the whole in liahil and 
structure. No special larval organs are developed. Thi.s group 
includes the Collembola and Thysanura, and the Malloph: ga. in 
which the difft'ienc^e.s hetueen young an<l adult aia* only very 
slight ; consisting, for e.xarnple, in the young having no exU'rnal 
genital strnetur(‘s, and a less mimher of antennal jouits tljan the 
adult, it also iiu'ludes orders in which the ytiung differs from 
the adult hy the absence of wings. \slii(h tieveloj) gradually 
at sucee.s.siv<* moults. These are the Dei tnajjteia, Drthojitera. 
Tormitulae, Psoeidae, and Hemipfera. 

II. The Metamorpha. 

A definite larval stage is present. This eat(*gory is further 
divided, according to the degree of tlie transforniafion exliihitcd 
in changing from larva to atlult, into — 

(a) Hemimetabola. Inseids without tlu' definite resting stage 
known as tlie pupa. 

{b) Holometabola. Imeets with a definite pupal stage. 

(a) The Hemimetabola include eertuin <inlers in whicli theyoung 
differs from the mature insect or itnwja not only in tlie alisence of 
wings but in the possession of certain larval organs which IuUt 
disappear. The habits of larva ami adult ar<‘ f»ften very <lif- 
ferent. To this group belong the Odonala and Plecoptera. * 
The larvae arc in tlurse ca.ses acjuutic and breatlie hy external 
gills or by tracheal folds of the rc<;tuin, which disajifK'ar at the 
last oedysis. The stage which jireeedos the imago and in w hich 
tho process of transformation taki-s place is frequently called 
the nymph. Although in this stage the insect ofU*n becomes 
for some time quiescent, yet there is no definite pupa. 

, * ^ dio Bocond of HoymonH* |>a|x>ni ruforred to proviously, lio placoii 
tie Ephemoridao in an indo(>endcnt diviHion {Pnnnftabola) <jf tho Hole* 
|notabola, owing to their having a winged and active Hub-irnago Htage 
twoon tho pupal and imago atago9. 
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(6) The Holometabola have both a definite larval and pupal 
stage. They are said to undergo compieie metamorpkosie. The 
larva takes in a relatively enormous amount of nutriment, to 
accommodate which it frequently moults. Finally it changes 
into the almost motionless pupa. This takes no nourishment, 
but within it the body of the insect is reconstituted into the 
imago. This group includes the orders Siphonaptera, Ncurop- 
tera, Panorpidae, Trichoptera, iKjpidoptcra, Colcoptera, Strep- 
siptera, Diptera and Hyraenoptcra. A certain amount of the 
reconstruction takes place also in the late larval stages. 

The larva differs markedly from the imago both in 
structure and habits. It is impossible within our limits 
to describe the various forms wliich larvae assume. In 
the main the form is adapted to obtaining the food which 
they—the pre-eminently food-absorbing stage of insect life— 
eat. The characters of the various larvae arc on the whole 
secondary, and have but little value as guidons to phylogeny. 
Some larvae are to a great or le^ extent simplified and 
have lost their locomotor appendages and their mouth-parts. 

Roughly speaking larvae fall into two categories. The first 
is the so-called Campodeiform larva named after the Thysaniiran 
Campoiea, and has the three primary regions or taginnta, head, 
thorax and abdomen well defined, thoracic walking legs, primitive 
biting mouth parts, and sometimes terminal appendages on the 
abdomen. Such creatures may be found among Holometabola, e.g. 
larvae of certain Coleoptera, but the characteristic larval stage 
of Holometabola is the Eruciform larva, of wliich the best known 
example is the Caterpillar. The skin is usually thin, the body 
soinewliab vermiform, the taginata of the body not well defined 
though the head is clearly marked oil, the mouth parts are often 
biting but may bo much reduced, thoracic limbs usually occur, 
v.nd less frequently^ also ambulatory appendages or pro-legs. 
The eruciform larva is typically developed in the Lepidoptera, 
and in the Saw-fiies among the Hymenoptera ; in other Hymen- 
optera and m many Diptera it has lost many of its characters, 
the legs and mouth-parts are reduced or absent, the head 
very greatly reduced (some Diptera), and the larva is familiarly 
knov^m as a grub or maggot. The number of cedyses is 
often comparatively few; whereas in the larvae of Hemi- 
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metabola it may be high, in Ephemeridae sometimes as many 
as twenty. 

The pupa resembles the imago much more closely than does 
the larva. It may be exposed or enclosed in a cocoon. The 
limbs of the pupa may stand out freely from the body as in the 
Colcoptera, when it isknownn as free {pupa libera) ; or the limbs 
and wings, very soon after tlie emergence of the pupa from the last 
larval skin, may be glued to the side by a hardened secretion 
as they arc in the Lepidoptera, wlien the pupa is called ohtccta ; 
or finally, as in many Diptera, the pupa may remain enclosed 
in the last larval skin, a condition knowm as a pupa coarctata. 

The larval body of those insects with incomplete meta¬ 
morphosis grows gradually into the body of tlie adult. Apart 
from wear and tear, the ti.ssues of the one become* in time the 
tissues of the other and the new organs such as the wings and 
the genital armature are formed by simple growth. In the 
insects with complete metamorphosis this is not the case. 
Trace.s of the imago are clearly discernible in the later phast's 
of the larval stage, but w!»en tl»i.s ceases to move and to feed 
and turns into the inactive pupa a profound reorganization 
takes place in the body of tlic insect. A few of tlie systems 
of organs persist from tlie larva to the imago and tliese are 
amongst the most important such as tlie reproductive, the 
nervous and tlie circulatory. The other organs liowever are 
disintegrated. At the beginning of motamorplio.sis certain 
toxins * are said to ari.se in the blood n hieh seem to poison 
certain definite tis.sucs and cells, which then readily fall victims 
to the phagocytes. Each toxin seems specific to one set of organ.s, 
and the toxin.s arise in a definite sequence. The alimentary 
canal with its associated glands, the respiratory system, the fat- 
bodies, tlio epidermis and most of the mu.seles are destroyed and 
replaced by new growths. The active ag(*nts in this process of dis¬ 
integration, known os hifitoUjsis. are the blood corpuscles. These 
become vigorously phagocytic and attacking the component cells 
of the fated organs gradually break them up and absorb them. 
At the same time new organa arise to play the same jiarts in 
the imagines os did the evanescent organs in the larva. And 
they arise at special fr>ci or centres which are known as tmaffinal 
discs. These are collections of cells whicli seem to have retained 

• 8. Motalnikoff, Biol. Centrbl. x*vii. 1607, p. 360. 
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an embryonic power of growing into new organs. Tlieir number 
varies in different families and probably reaches a maximum in 
the Diptera. In the Lepidoptera the head with its mouth parts 
and the thoracic legs of the caterpillar pass with some modifica¬ 
tions direct into the corresponding parts of the moth, but the 
compound eyes and the wings arise from imaginal discs. In the 
Diptera however there are always imaginal discs for each of the 
legs and in many cases, i.e. the Muacidat^ special discs for the 
reconstitution of the head. Tlie whole epidermis is also renewed, 
a layer of new ceUs arising around the base of the limbs and 



Fio. 408.—Dt»gr*mB iUuatrating the poeltlon of the Jmaginel discs In the larv* M) 

IB) of Uusea (taken from Van Bees). The wlng-rudlincnts aio omitted. “* 
at antennal rudiment; ft*, nidlmenU of the three thorac c limbs ; bg 'entrel chain of 

guogUa ; ff brain ; A so-called *• braln-appcndage m pcrliwdsl membrane ; oa^rtun oi 
the brsln-appendage Into the pharynx ; oe oesophagus ; p so-called pharynx . 
rnent of the proboscis ; m frontal disc; rt stalk-llkc councxicn between the pcrifodal 
And th6 hypod^titils j /» //» /// tho lbP6A thonclc segments. 


insinuating itself between the cuticle and the larval epidermis. 
The latter is finally destroyed by the phagocytic activity of the 
blood-corpuscles. In the abdomen there are four imaginal 
discs in each segment destined to form new epidermis. Other 
centres form the muscles of the adult wluch replace the disin¬ 
tegrated bundles of the larva. The stomodaeal and proctodaeal 
portions of the intestine are reconstituted from ring-like imaginal 
discs which occur at the inner end of these invaginations, and 
numerous imaginal discs occur along the course of tlic alimentary 
canal. These growing and finally fusing with one another 
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gradually enshcatli the lining epithelium of the larval digestive 
tract. Tliis epitlielium is finally split off and lies in the lumen 
of tlie newly formed enteric tube. 

Tlic respiratory system undergoes a similar process of dis¬ 
solution and reformation. The stigmata and the larger tracheae 
of the imago correspond neitlier with those of the larva nor with 
those of the pupa, but the system is at no one moment totally 
destroyed and it continues to function throughout the pupal 
life. The larval fat-bodies al.so undergo histolysis and are re¬ 
constructed from certain iinaginal discs. 



'Mm- pli;ig.)iy(i‘.s of the bl.io*! which arc tijc aclive agents in 
tlic dUs.iIuliun of i\w- various ti.s.sur-s, do not llictnsclvc.s form 
constituent [larts of tli<; in-w sy.stcm f>f organs, liny however 
doubtlcHH act as distrilniling agent.s for (In- nnltiniciit they 
have absoibetl. Sonic of them become the blood corpuscles of 
the imago, hut iiianv of (hem dcgf*ncrute and arc (inally absorbed 
within the newlv fornn’d (issues of tin* adult. 


No evkh'iice has het'n ohlaincd of the i-.xistcnoc of Insects 
before th*' Carboiiih-rous ciiocli. In the <oal nica'incs they 
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are well represented. The best preserved specimens are found 
in the amber of the Oligocene in mid-Europe; in tliis speci¬ 
mens allied to Lepisma occur. Earwigs first appear in the Lias, 
cockroaches in the Trias and generalized locusts and grasshoppers 
in the coal-measures. This formation also contains a number of 
forma of Termites, Ephemerids, Dragon-flies. Beetles arc found 
first in the Trias and become common in the Jurassic and 
Tertiary beds, in which the Cicadidae and Notoiiectidae are also 
met with. Butterflies and moths are found in the Jurassic 
strata but are amongst the rarest of Insect fossils. A few Diptera 
are found in the Lias and in the Oolitic So' nhofen Limestone, 
they become more numerous in the Tertiary strata and the 
same is true of the Hymenoptcra.* 

ClassifleatiOD. Insects are classified mainly on three features : 
(i) the absence, presence and the nature of their wings ; (ii) the 
structure of their mouth parts ; and (iii) tlie degree in whicli they 
undergo metamorphosis.f In the follow-ing account of the 
classification the largo groups are in the main based on 
wing-characters, but these run to some extent on lines parallel 
with tlioso laid down by our knowledge of the metamorphosis 
of the insects concerned. 

There are four main groups: J 

I. Apteryqota. 

Wingless insects whoso ancestors are believed to have been 
also wingless. Metamorphosis very slight. Thw group includes 
but tw'o Orders, the(I) Collbhbola and the (2) Tuysasvra. ■ 

II. ANArTERYOOTA. 

Wingless insects supposed to have developed from winged 
ancestors. They are all parasitic on vertebrate aniinol-s. This 
group includes the Orders (3) MALioPHAaA and (4) Akopluba 
in w’hich the metamorphosis is very incomplete and the 
(5) SipiiosAPTBRA in which the development is rapid and the 
metamorphosis complete. 

III. Exopteryqota. 

Winged insects whose wings develop outside the body and 

• H. Woods, Palaeontology, In\'ortobrafca, 1902. 

t Inttar ia tho term applied to tho form of an insect between two moults 
(Sharp, op. cU., i. p. 168). 

X D. Sharp, Proc. International Congress of Zoologj-, Cambridge, 1898. 
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are never tucked or invaginated into the body. This group 
varies much in the degree to which metamorphosis is present; 
sometimes it is almost absent, and sometimes it is complete. 
The group includes tlie Orders (6) Ortiioptera, (7) Plecoptera 

[PbRUDAE), ( 8 ) PsOCOPTBRA (P.SOCIDAb), ( 9 ) IsOPTBRA {TbR~ 
itiTiDAB), (10) Embioptera (Embiidab), (H) Ephemoptbra 
(EphBAIBRIDAB), ^V^)'^ARANEUROPTERA {OdONATa), (13) TUi- 
SABOPTBRAy (14) HeSIIPTBRA* 

IV. Endopterygota. 

Winged iiLsects whose wings arise as invaginatioiw of the 
hypodormis and for a time project inside the insects bod}’, but 
are subsequently evaginated. Complete metamorphosis exists. 
This group is by for the largest and perhaps contains at the 
present day some ninety per cent, of the total number of in¬ 
sects. It is probably de.scended from the Exopterj'gota, which 
—with one or two exceptions—were the insects oi the Palaeozoic 
epoch. The group includes the Orders (15) Nbvroptbra, (16) 
Mecaptbra (PasorpidabI il7) Tricuoptera, (18) Lepipoptbra 
(19) CoLKoPTERA. (20) Strepsiptera, (21) Diptbra and (22) 

// YMESOPTERA. 

Group I. APTERYGOTA. f 

WinghBS insecUi bditvid to have descended from wingleAa 
ancestors. Metamorphosis very incomplete. 


Order 1. Collembola.J 

MinuU wingless insects / abdomen of no more than six vistble 
segmenU ; a protrusibU 'pcipiiUi or bliiul tube borne on t t first 
abdominal segment; a jumping mechanisn\ often present. 

Tlie (>>]lembola are for the most part soft-bodied insects 
covered with a hairy down or bloom. Tlieir spring consists o 
a median piece bearing a pair of processes. The whole 
from the penultimate or ante-penultimate segment (Fig. 4 ). 

In dead specimens the processes project backward, but unng 


• Shipley, Zool Anz., xxvii, 1904, p. 269. . 

t J. Phifiptechenko, ZeiUchr. wim. Zool. \xxxvm. 1907. 
t LubbocK, Monograph of the Collembola an y“ / 

Sociu^, IB73. 


Ray 
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life they can be bent forward under the abdomen and are then 

held in position by a “ catch » which is carried on tlie thii^ 

abdominal segment. If the catch be released the downward 

blow of the processes projects 

the insects suddenly into the 
air. Tlie catch only exi-ste 
in certain species, and this 
explanation of the action of 
tlie springing apparatus is not 
universally acceptetl. The 
second structure peculiar to the 
Collembola is the ventral pro- 
trdsiblc organ of the fii'st ab¬ 
dominal segment (Fig. 410.n). 
This in the Lipuridae and Anuridae is little more than a protru- 
sible papilla, in the Smynthuridae, however, it is a long, eawal 
tube which splits into two limbs near its base. Its function is a 
matter of dispute, but the usual view is that it is an organ for 
attaching the small insect to a desirable spot. Development 
shows that the ventral tube, the catch and the spring are formed 
from the embryonic appendages borne on their respective seg¬ 
ments. The remaining three abdominal segments lose tlieir 

appendages. 

The tracheal system is often reported as absent, l>ut Sinyn- 
fhurus is described as having a pair of stigmata situatetl between 
the head and the prothorax; a veiy unusual position.* The 
mouth parts are withdrawn into the head. Some authorities 
consider that there is an extra or fourth pair of * jaws, the 
maxillulae, t and although this view is not universally accepted 
the mandibles are regartled as very archaic in structure. Tlie 
antennae have but four to six segments and at their base is a 
post-antennal sensory organ. The legs have no tareus, the 
tibia simply ending in one claw or in two unequal claws. 

Tlie spring-tails, as the Collembola are often called, wlien 
they do occur, usually do so in great numbers. They mostly 
liaunt concealed retreats, hiding under bark, stones, etc. Some 
are aquatic e.g. Podttra aqvah'ca, whicli sometimes occurs in 

• Wiltem, Rochercliea sur les Collemholea et les Tliysanoiirea ; Mem. 

Cour. I'Aead. Se. Belg., T. Iviii, 1900. 

•f H. J. Hansen. Zool Anz., *vi, 1893; op ctl. on p. 004; stc also 

p* G05. 
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incredible numbers after floods; others, as Anurida rruiTitima* 
are marine, living on the water of rock pools along our coast. 
When the tide rises they retire to crevices in the rocks, but they 
can survive long periods of immersion. A considerable number of 
species have been taken in both Polar regions and they are com* 
mon on snow and glaciers, which at times are blackened b\ 
their countless numbers. The group is practically cosmopolitan, 

though they seem on the whole to avoid warm districts. They 
are said to live on organic' debris of all kind.s. Lubbock recog¬ 
nized six families, but these have more rc^cently been reduced to 


three :— 

Fain 1. Smynthurldae. Bodies globular, devoid of scales and with 
a considerable fusion of segments : the .ippareiU thorax mnall ; untennue 
elbowed; spring borne by fifth ub.lorninal segment; tracheal svatein 
present. This family includes the Smynlhuriduo and 1 apinidue of 
Lubbock. Many of the niembors haunt 
buAhds and undergrowth. Smynihxmui , 

Papirixis. 

Fam. 2. Podurldae. Elongate hodws 
not flWf>Uen ; spring on fourth abdojihnul 
Hogrnont or in the Degeeri<h*s (=» Lub- 
bocVfl family Degeoridae) on tbo fifth. 

Those forms somewhat resi?inble tnmuto 
catorpillars and are often higldy coloured. 

Podura; JsoU>ma;Corynothnx. rrawling minute creatures. 

This inoludoa tlie Lipundiw? and / inmni dosinlHKi siifiorial. 

very much modified numtli-purtB. and its mouth is <U.s.n 

whilst that of Lipura is niandihuhib). 



n*; 4ll V>><iura riUv$<i 


Order 2. TnvSANUitA. t 

The abdomen slums ten seijmcnts and lh,re ta no 
trusibU tube or springhw apparatus ; unmjless : ™</. ^ muUo 
segmented antennae and sometimes co,npoun,l eyes. Cere, armies 

on last abdominal se/jment. . , . . i >> ..n.. 

The Thysanura, sometimes termed ‘ bristle-tai s. 

of moderate mze. They have no tract- of j’"" 

i» often the largeat aegment ““Vh, 

actively, and tarsi are present on the legs. 

• Aaurida, A. D. loom. Linerpoot Marine Diotoyieal CammiUee 

Memoirs, xiii, 11K)0. . „ r, 43 . iggg; and Ou^ 

t OraoBi. Mem. Ace. Unce\ Rome (4), . P, , - , Zoologies. Belt 

in»r.«, Bijdr. Bierkunde. xvi. p. 147. 

xliii. SilveBtri, Zool. Jahrb. Suppl- vi. iWib. p. 7 4. ^ 

■i .—lU 
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consists of ten visible segments and the last bears a pair of many 
segmented cerci which superficially resemble antennae. Certain 
of the abdominal segments bear on the hinder edge of their sterna 

small appendages ar« 
tioolated with the ven¬ 
tral surface. They 
consist of a single seg¬ 
ment provided with 
muscles. By many 
authorities these ap¬ 
pendages are regarded 
as homolc^ous with 
the l^s, but it must 
not be foigotten that 
both legs mid processes 
exactly similar to those 
borne by the abdomen 
co-exist on the meso- 
and meta-thorax of 
Machili». Close to the 
insertion of some of 
these processes are one 
or two retractile 
vesicles which can be 
protruded by the in¬ 
trusion of blood or re¬ 
tracted into the body 
by muscular action. 
They appear to function as accessory respiratory organs. What 
are regarded os a fourth pair of jaws (maxillulae) are present 
as in CoUembola. In Japyx * they are described as being 
very primitive and divisible into galea, lacinia and a three- 
jointed palp (Fig. 372). 

There are four families, in two of which the mouth is pushed 
into the head oanying the mouth-parts with it. These two 
families, the Campodeidae and the Japygidae, are sometimes 
classed together as the Entotrophi, and the remaining families, 
the Machilidae and the Lepismidae, in which the mouth parts are 
prominent are grouped as £!ctotrophi. 

* Hansen, lot. cit. 




Fio. 412.—4 compodM (after J. lubboek). 

b aoterior baU of tb« body of O. frcrOis (after Pal* 
mte); Tr trachea; S sUgiDaU ; P legi ; P' rodi* 
mmtary abdomlniJ feet; A 
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Fam* 1. Campodeidae* Delicate?, whiU^ insects with Jong cerci ; 
blind ; mouth-parts concoaloU ; abdominal appendages on the second to 
the seventh segments. Authorities differ as to whether there is more 
than ono genus Campodca and as to whether that genus contains more 
than one spocios C. etaphylimta (Fig. 412). This* is a widely <li.strihutod 
insect, not uncommon in Britain ; it well withstands heat and cold but 
variations in humidity seem to affect it and it soon dies in captivity. It 
is so delicate that it breaks at tlie slightest ioucli. Many of the features 
of this insect ore archaic in cliaractor. The thorax has tl\reo pairs of 
stigmata, each leading into a separate system of tracheae, which systems 
do not communicate with each other or their neigl)l>our3. There an> 
sixteen very short malpigliian tubules. The appen<lagcs of tlic third tnio 
Segment, Die intercalary, are said to persist ns tviLf^rcles in the adult. The 
ovaries and testes arc two simple tubes ono each side of the body. 

Fam. 2. «ldpygidae« Tiio abdomen I>eurs u 
pair of forceps instead of long multi-segmented 
ecrei; abdominal appendages on first to seventh 
segment (Fig. 30i>A); mouth parts concH?Hlcd. 

The single genus Japyx with several s{>ecies is 
widely dislributod in the warmer parts of the 
globe. There are four thoracic ond seven ab¬ 
dominal pairs of stigmata and the tracheal system 
of ono segment opens into that of the others. 

No nmlpighian tubules. The female generative 
organs arc metamorically repeated, tho ovaries 
uniting into a common oviduct on emdi side. 

Tho tostos however have lost this segmental 
arrangement. Only one pair of ttl>donunal 
vesicles have been desorilwd. Japyx is usually 
found in shudy placos on the edge of woods, 
otc., but it does not occur so far nortli as 
Britain. 

Fam. 3. HtcbUidae« Tho tergiU-s arch over 
and overlap tho ventral sternites in tho abdomcMi 
much 08 in Aetacas ; compound eyes arc presi'ut; 
tho fomole has an ovipositor and tho tenth ab¬ 
dominal segment bears a long ruediun stnntiuro 
resembling tho cerci and projecting iK^twoon thorn. 

There is again but ono goiuis Machili^ wjtli two piur oi inuniojc aiiu 
pair of abdominal BtiRmutn, whi<-h oi>.m» into nine iM.lKU<l truclifiU systonis. 
There ttTO twenty long mulpiglhun tnbulcs niul hI«<» ilivorlicula whuh 
opon anteriorly inU* tho TJio seven ov*iriun tubules on cm- i 

side are not very definitely wginental. The ubdoininul a|>i>endugc9 are 
found on sogmuiita two to luiio inclusive. Tho boily muiuToue 

Kcoloa very easily displaced. Machilia is cosinopolitun in distribution. 
M maritima is common, running about the rocks on the south of England, 
»nd M. polypoda lurks under loiivcs in t)io New Kort'St and olsowhoru. 

Earn. 4. Leplsmldae. Tho thorax well morktsl off from tho abdomen ; 
tracheal systems all intercommunicate : the tergites do not overlap Uio 
•temites; abdominal api>on«logcs on eighth and nintb segmentH only; 
a median " toil " os in Machilia hetwooii, and oh long ms, tho ocrci. l no 
bopismidao have ten pair of stigmata and tho tracheae coinmunicato ono 
with another. Tho numboi of inulpighiun tubuJoe is siiwill. Ihoro are 
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five ovarien caeca which in the young are eegmontaHy arreogedM an the 
three pair of caeca which make up the testes on each side. The la^y 
is a widely distributed one, the best known British form Leptsma 

saccharina (Fig. 413), the “ silver-fish “ which is 

human dweUinge, in old cupboards, sugar barrels, etc. The other British 
Lepismid is Tkermobia fumorum, which lives in bake-houses. 


Group II. ANAPTERYGOTA. 

Winjlcsa inserts whose ancestors probably were winyea. Para¬ 
sitic on Vertebrates. The first two Orders with very slight meta¬ 
morphosis, the third tvith complete metamorphosis. 


Order 3. Mailophaga.* 

Wingless with fiat bodies and large heads ;..prothorax distinct, the 
meso- and meta-thorax small and the latter often f^ed with abdomen. 

The insects of this order are usually termed Bird-lice, but aa they 
do not live exclusively on birds the term Biting-Uce has bwn re¬ 
cently substituted. They live amongst the feathers of birds or 
the hairs of mammals, crawling about the bases of these epidermal 
structures. Their bodies are flattened and their heads exhibit 
a great variety of shape. The antennae are short with but three 

to five segments ; the eyes are reduced or 
absent; the mandibles toothed, the first 
maxillae are mere lobes which arc said 
to bear no palps, the second maxillae or 
labium have in two families well-developed 
palps, but these are absent in another sub¬ 
division. Tlie segments of the abdomen 
whicli are apparent, vary in number from 
eight to ten. The legs have usually a 
one- or two-segmented tarsus; rarely 
three segments occur ; the tarsi end in one 
or two claws, and in the former case the 
claw is especially fitted to the hair of the 
animal which harbours the insect. 

The ventral nerve cord is concentrated in the thorax there 
being no abdominal ganglia. Tlio ova arc laid amongst the 
hairs or feathers. The young resemble their parents very 

* Giobel and Nitzach, Insecta Epizoica, 1874. Groase, 

Zool, xlii, 1885, p. 630. Wolnikow, Arch. Naturg. xxxv, I860, p. 154. 
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nearly. These creatures live on the younger and more 
succulent portion of the feathers of birds and possibly on 
the hairs and epidermal scales of mammals, and are said to 
use their anterior legs in feeding. There is as a rule a certain 
relationship between the species of the biting-lice and the species 
of its host, but certain birds are infested by more than one 
species, e.g. the common fowl has five. They often die soon after 
their host. Tliere are about a thousand species recorded. 

Howard recognizes four families :— 

Fam. 1. Tiicbodectidae. Antennae fyiform with three joints: no 
labial palps; tarsi with a single claw ; infest mammals. TnchotiecUs 
latus is the biting-louse of the dog. T. ephafrocephahta is one of tho 
common sheep parasites in England. 

Fam. 2. Phllopterldae. Antennae five-segmented ; no labial pulps ; 
tarsi with two claws ; infest birds, Oonicdfa. 

Fam. 3. Gyropldae. ^Vnteimao clubbed with four segments ; Uini 
with one claw ; found on mammals. Qyropu*. 

Fam. 4. Uotheldae. Anteimao clubbed with four segments ; tarsi 
with two claws 5 infest birds. Tetrophthahnua. 


Order 4. Anopldra.* 

Small, thin-skinned insects ; wingless ; head hears a tube endiruj 
in hooks for attachment, within this is a porfrusihle surknig tube ; 

thorax indistinctly 
segmented ; legs end 
in a single daw. 

Lice arc parasitic 
on MammaU on 
wliose blood tlicy 
live. In spite of 
the fact that tl»rce 
species infest man 
wc are curiously 
ignorant of many 
features of their life 
liistory and of their 
structure. 

The tube by which they attach themselve.s to tho skin is usually 
homologizcd with the labium whilst the inside tube is looked 
upon as the equivalent of the co/nbined mandibl<*s and maxillae. 

• E. Piaget, Lta Pedicuiints, Loyden, 1880-85. 
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A labrum is also described. Meinert however holds, with mudi 
appearance of reason, that the inner, protrusible tube is modified 
from the epi- and hypo-pharynx.* As in the Mallophaga the 
nervous system is much concentrated. There is but one family: 

Fam. 1. PedicuUdae. With the characters of the Order. There are 
six genera and about forty species of Lice, three of which Ptdicuhu copifi®, 
P. veatimenti, and Phthiriua inguinalia (Fig. 416) attack man. Many 
authorities regard the first two as one species. They still form a tomme 
scourge to armies in the field, but are far less common than in the middle 
ages, when especially in the South of Europe most inns kept a lousing-room 
or outhouse, described in many a Spanish novel. Monkeys suffer much 
from a distinct genus Ptdidnua, Seals are infested by Echituyphthiriua and 
Elephants by Haematomyzxu alepharUia. The claw which terminates each 
leg is said to be beautifully adapted in the various species to the cir¬ 
cumference of the hairs of their respective hosts. 


Order 6. Siphonapteba f (Aphakipteea). 

Laterally fiatteiied insects, without wings; head stnaU with 
short stout antennae ; no neck ,* eyes small or absent. 

The flattening of the body in the vertical, longitudinal plane 
is confined to the flea amongst insects. The antennae have a 




Fio. 416 —a ru/« ariwM j (oiler Taeclionltrn). ^ ontenno ; 3/1 roaxlHarj-P»lp. 

of PuUx irritens* 


peculiar insertion and arc often placed in depressions, there 
seems to be no clypeus, the mandibles are piercing stylets with 
aaw-Iike edges, tlie maxillae bear long palps whicli project and 


• Meinert, Ent. Mtddel, iii, p. 58, 1891. „ „ . _lofio 

t Taschenberg, Die Fldhe, 1880. Wagner. BorM Soc, era., 
p. 199. N. C. Rothschild, Noik Zool. v, 1898, p. 633 and Pep. Thompeon 

Tatea and Johnston Dab., vii^ 1906, p. 1. 
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are often taken for antennae (Fig. 416). Tlie labium is thought by 
some authorities to be represented by an unpaired median stylet, 
but others regard this as a hypopharynx ; the labial palps are 
semi-segmented and form two sheaths whicli enclose the piercing 
organs. Ten pair of stigmata exist both in the larva and the 
imago. The eggs are laid amongst tlic hair of tlie host but not 
attaciied to them, so that they readily fall ort and the young 
are reared among.st the dust under carpets and in like retreats. 
The larvae (Fig.416) arc something like miniature wliite wire-worms 
(i.e. the larvae of Elaterid beetles), and they have a mandibulate 
mouth. They cat all sorts of dusty refuse but can be reared on 
moist bread crumbs. Before pupating tliey make a cocoon 
often covered with dust. There arc about a hundred de^erihed 
species some of which seem confined to sj)e< ial hosts, but there is 
much divergence of opinion as to how far one species of flea 
migrates from one species of host to anollier. Tlie rat flea 
of India which conveys tlie plague fi'oin rat to rat undoubtedly 
at times attacks man and is an active agent in infecting 
man with tlie disease. It is not unconiinoti to find disused 
housc-s swarming with fl(*a.s in such ruinibcTs that they can 
almost be swept up with a broom, hence it seeins clear tliat a 
host, althougli desirable, may l)e absent at any rate for some 
considerable period of the life-history. Two families arc recog¬ 
nized :— 



Fam. 1. Pullcldae. Tlw labial palps imporfet-tly .liM-t-d into thrro 
to five aogmonts ; abdomen clongutc<l unci not greatly Hwollen in the 

fomalo with 


OVtt. A C 06 - 
mopolitan family; 
Pule c irritoM is 
tlio human fl<‘a, 
P. avium infoKta 
birds, P. «errali‘ 
c^pa dogs and 
cate. T h o I » h t 
nuniod epocies is 
said to l>o an in* 


tormodiato host 417 OraO*! f.innlo nf Sarrop$i/lla ptnetrant. b (ool of a 

of tho Custodo fleW m’ouao Witlj a Sarojjwytud atUdicd tolUr II. KanfUur 

Dipijlidium cani- 

num. Thoro oro many other genera. 

Farn. 2. SarcopsylUdao. The labial pftli)» Imvo ten iiiijMfrfect fic-ginonts ; 
abdomen short and in tli<» fertilized female eiioriiioiihly HW(>llen. 1 liis family 
inuludoH tho Jigger or Chigoe fleu, SareytpaylUi p^nrlrtina (tig- "tl?). the 
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fertilized female of which burrows in the skin of man, usually in the foot, and 
swells to the size of a dried pea. Then it discharges its ova. If not re¬ 
moved it causes trouble not only by its mere presence but by the 
introductwn of bacteria into the deeper tissues. The Jigger is a native 
of the warmer parts of America, but has spread to Africa and else* 
where. In places it is a terrible pest, but it can be partially avoided 
at any rate by never putting the bare foot upon the groimd. S. ffoUinaeea 
attacks the eyelids of poultry in Ceylon, and RkynehopsyUa pultx the 
same parts of birds and bats in 8. America. 

Group in. EXOPTERYGOTA, 

Winged insects ufHose wings develop outside the body. The 
degree of metamorphosis varies between fairly wide limits. 


Order 6. Obthoptbra.^ 

Insects %Dith hiiing mouth parts, with conspicuous max^ary and 
labial palps. Mesothoracic wings stiff, metathoradc wings mem- 
branous and dosing like a fan, both pairs not infrequently absent 
or reduced m size. The advU form is attained by a series of small 
changes accompanying the successive eedyses. There is no abrupt 
metamorphosis. 

Tlie Orthoptera form a large order containing at a low estimate 

10,000 speciee. It is at the 
same time rather a hetero¬ 
geneous assembl^e, and it 
is not always possible to 
recognize at a glance an 
Orthopteron. The Order is 
large in another sense for it 
contains the biggest eidsting 
insects and even its smallest 
representatives attain a fair 
size. That there is consider¬ 
able diversity of form is 
shown by the following list, 
which with some other forms 
having no popular names, composas the Order :~-earwiga, eook- 
roaches, the pra 3 dag-mantis, stiok-insects, leaf-insects, grass¬ 
hoppers, locusts and crickets. 

* B. Shaw, Ent. Mon. Mag., nv, 1880, aad nvi, 1890. Bruaner von 
WatSeawyi, Ann. Mum., Qenova, xzziu, IMS, p. 5. 
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The anterior wings of the Orthoptera, sometimes called the 
iegmina, BXQ not used for flight. They are stiff and tough, and 
when at rest lie flat on the body, which they serve to protect. 
Ill this position one overlaps the other, and their hinder 
(when closed, median) borders do not form a straight suture as 
is the case with the Coleoptera. The ner\Tires of the hinder 
wings radiate from the point of attachment of the wing like the 
sticks of a fan, and they are connected with one another by 
short cross-nervures forming a network over the whole wing. 
These hind-wings are the organs of flight, but flight is an 
exercise little practised by Orthoptera. In some cases the wings 
are well developed but apparently unused, in otliers they are 
modified into sound-producing organs, and in others again 
they ore absent, apterous forms occurring in all the families. 

These feeble powers of flight are to some extent compensated 
for by the powerful legs, which enable certain Orthoptera to 
leap prodigious distances or to run with extreme rapidity ; also 
it must not be forgotten that some species have specially 
powerful flight, e.g. the migratory locust. 

The antennae are usually long, with many articulations: 
ocelli are usually present in addition to the largo compound 
eyes. The three thoracic segments are not fused with one 
another, and the prothorax is freely movable. Ten segments 
can usually be made out in the abdomen, the anus being on the 
tenth and the genital orifice upon the ninth. The end of the 
abdomen may bear a pair of cerci in either sex ; anal styles 
may be present in the male, and a powerful ovipositor in the 
female. 

Many Orthoptera have a swollen oesophagus or crop followed 
by a gir.zard with horny tooth. The salivary glands are large 
and usually provided with receptacles. The malpighian 
tubulee are numerous. The ventral nerve-ganglia have under¬ 
gone little fusion, there being three thoracic, and as many as 
seven abdominal, ganglia. 

The sound-producing organs are in many cases confined to 
the male and their action is thought to attract the female. The 
latter lays comparatively few eggs and these are deposited either 
singly or in numbers in a case or capsule. The egg is supplied 
with an unusually large amount of food-yolk. The young 
batch out in a condition closely resembling their parents, but 
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in no case do they have wings. These organs appear later and 
increase in size with each successive moult. 

Sub. -Order 1. CURSORIA# 

Hind-k.gs difftring but little from the others. , This eub-order conaiate of 
five vtty divergent families u'iiA tio iniertnediote forn^. 

Fam. 1. ForQculIdae.* * * § The earwigs have short tegmina: the socond 
pair of wings arc first folded like a fan, and then folded into four like 
a piece of note-paper. The cer.i have the fonn of stout forceps which 
assist in folding the wings, and arise fn^n an eleventh abdominal segment 
in the embryo. Wingless forms are frciiuent. The genital orifice is 
double in the maloa of aotno spories. In Forficula t L. (Fig* 418) tlie first 
abdominal tergum tends to fuse with the thorax; tliere is a similar hut 
much more complete fusion in the Hyinenoptera. F. aunetdana L. (British) 
is the common earwig ; it is largely carnivorous, eating insets and snails, 

and probably the injury it does 
to plants luis been exagg*'rated, 
though it undoubtedly ilis- 
fipires many flowers by nib¬ 
bling the petals. The female 
giianls her eggs but takes no 
interest in the young when 
they are hatched. Chchdura 
p\thfac€>i9, also I^ritish, is 
apterous. Traces of tegiiiina 
a}>pear in Aniavlfihia Kiebor,of 
which genus -i. marjhmo and 
/t. anufih'pr.. arc British. .-Inc- 
chura Scudtl.: Labuiura Leach, 
L. riparia is British : Labia 
LsMuii, a genus often scon in 
flight; L. minor is British, as 
also Aptcrygida albipcnnia and -4. arachidia. Paalia Sorv. is the largest 
fonn. 

Fani. ‘2. Hemimorldae.^ .A small family of blind and wingless Inserts 
whose y<uiiig dfSfioj, m an cxtraor<linar>’ manner within the body of the 
mother. Th»‘ e. rei arc long and rte\ible. not jointed. The few species 
kniovn arc .•xt.-rnal j)ur4isif<>H on small mammals. Hemimerua hanacni 
is W'i'oi .Au-1-an. living on the body of Cri-rtotnys, a snuill rodent. Tlio 
inontli parts arc nnnarkablc, and int hnlc a pair of etructurcM, one on 
either side of (he tivpopluirynx, considered to he reduced maxillulae. 

h’aiii. BIa(tit!ae.§ He.id bent dowm and in this jKisition invisiblo 
iroin above, l-ody oval ami flattened. Coxae large, free, covering sterna 
of tliorrix. Tcgmina variable in form or absent. Running Insects, with 



A 



Fio. 410.— iuIpoMfi. ATrica. fAft'^r 
do Sauw^ufci. A tipjcf, a umUr fturtacc. 


• This family is rcgiu-ded by some entomologists as an Order and named 
bv scnie the Dormaptera and by others the Luploxoptera. ^ 

Daa rftirrrriTi. 11 Lieferung. Forficulklao and Hemimeridoe, do 
Bornmn-s and Krauss, 1900; and British Orthoptera, Natural tat Journal 

and auidc, Hudderslield, 1897, M. Burr. , „ t «■ r y 

J H. do Saus.sure. Ent. Oenev., i, 1879; also H. J. Hansen, hut. 

Tidakr., xv. 1894, p. 65. 

§ R. Shelford, Trana. Ent. Soc., London, 1906. p. 231. 
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the three pairs of legs similar. This family includes the cockroaches, often 
incorrectly called ‘ black-boetles.- A few species have become domesti¬ 
cated. but they are inadequate to give any idea of the number, varietv and 
beauty of the group in nature. The antennae are very long and both they 
and the palps are active in testing the nature of the ground on which the 
uwct finds it«lf The pronotum is large and overhangs the head. 
Xho abdomen is broad and its posterior sogn?onts are in\isible, be¬ 
ing tucked into those which precede them. In the chamber thus 
formed the egg-capsule is moulded and carried about by tt.e female 
until she finds a convenient place in which to deposit it. Both sexes 
bear cerci and the males m addition are provided with anal styles The 
wings are often large in AnapUcta. «ith a distal portion devoid of ner- 
vurea; in ZHpfoprem there is a special distal area on which occur nervures 
but they ore unrelated witli those of the basal portion. Internally th.* 
gut-liko chylific ventricle, which bears at its lino of junction with tl.c 
giz^rd eight caeca, is worthy of notice. Some genera, e.g. rnnchlora. are 
viviparous. The food of cockroaches is nominally dead animal matter, 
but the domesticated species enjoy a very mixed diet, and on ship-boarci 
make themselves a nuisance at night by nibbling one’s nails. They are 
valued in some quarters since they are saiil to devour bed-bugs. Tlu-v 
apparently live several years, and some species of PcriplaneUt only hecotne 
adult after their seventh moult, which takes place in the fourth year. 
Tlioir remains show tliat they were common in the Carboniferous epoch. 
The Blattidae ore divided into the following eub-familios,* the repre- 
sontutive genera of wliich may bo rnontionod 

1. Ectoblloao. Eciobia Wu<jt w. et auot. ; B. lapponirOy E.panzeri 
and E. tivida are Rrititah ; PUcioptcra SauBs. ; HemipirroUi Saosd. ; 
Anaptycta Hr. ; Chorisoncura Ur. ; AnapUcUi Uxiriu. ; Theyano- 
pteryz Brrt. 

2. Phyltodromlinae. T\xo small cockroach PhylMromia (lUoPn) 
gcrmaniM, < onniion in Etisternand Northerly Europe and in the l^nifoil 
Slates^ has ol)tainc>d u fixiling in this country. In Arnenca it is 
known as the “Croton bug." 

3. Nyttfborinaa. American. Nyedbora Burnc ; Mrgfdohlniuj Dohrn. 

4. EpIIamprlDao. Noiolompm Snuss. ; ICptbifnpra Btirm. 

6. PeriptaDetInae. Poly zoster ia Ihirrn. ; Peri pl/jfieta Bunn., two 

species of which are common in Great Britain ; P, {Illal(fi) orientalis 
the common cockrom'h of kitchens, and P. amfriaina coininonon sliips 
and in docks ; this R{>ocie8 SfHiietimcs migratos to fresh (juart^^rn in 
enormous hordes. TIicfo two and I*hyl/otlrom in yer- 

manica uro tlio throo British cockruachos. AlemeUui iirun. ; 
CfuitcoUimpra Suuss. ; Dcropeliis liiirtn. j /1rcA//^/o//ci Snellen. 

Pancblorinae. Lrucophtteii Br. ; Phyjxirtthiti Krauss ; lih. 
fnaderae in an intrcHha'cd form in Britain ; /Vi«rA/ora Bunn. 

7. Blabdrloao. ATiioriean. niatfera Kerv. ; //. yiyufttea hjtH 
found in docks and wharves in Britain ; Jil/iplica Stul ; Ht tniblabera 
Satios. 

8. CorydlDae« In the malo of the liaTMlsoiuo Ki'nus ('orydia St'rv, 

and an HrUrogamia tho ])e<*uliar lotivnirao si*(*n on the head of 
Ptriplaneta, are ropla<vd by <i<*elli ; Homotogamia Bunn. 


• Brunner von Wuttorwyh Ann. Mus. denot'a, xxxiii, 18^3, p. 5; and 
Biol, Cent. Americana, Orihof/Ura, vol. i, lHll3-0y. 
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9. Oxybalotnae. Hypnorma has brightly coloured antennae 
und a median s jiure between the tegmina like that of a beetle; the 
head also is visible from above ; DiplopUra Sauss. ; Ozyhaloa Br. 

10. Perlsphaeriloae. Oromphadorhina, a wingless form from 
Madagascar with a stout body over three inches in length. Pseudo- 
glomeris, whose name recalls its resemblance to the pill-millipede 

Olomeris. 

11. Panesthilnae. Partesthia Ser\’. ; Plana Br.; Dasyposoma; 




P 


Parahormetka. . l j / 

12. Geoscapheurinae, a recent sub-family established for an 

extraordinary digging insect from Australia. 

Fftin. 4. Mantldae. Head bent down. Prothorax usually elongated 
and bearing a pair of large raptorial legs with free coxae, tarsi 5-iomted. 
with no pad (uroliiim) between the two claws. The second and third pair 

of legs simpler. Two-jointed anol styles. . , t. * 

The soothsayers or praying-insects hove very mobile heads, so ben 
down in some species that the mouth points almost backwards. The second 

maxillae have hardly fused to form a loliium. 
\ // The femur and tibia of the anterior legs are 

toothed, and the tibia shuU down into the 
femur with much the same action ns that of the 
blade of o pocket knife shutting into the handle. 
With this the Mantis seizes its prey—for the 
\ most part small insect.^—gliding towards them 

I witli sluggish but stealthy movements. When at 

' 7 rest tho front part of tho body is raised, and the 

anterior legs are usually lifted in an ottitiido of 
prayer, wliich gives on innocent but entirely 
misleiuling uppcovanco to the inst'ct. In their 
//Mjii'i' features tlie «ings ore not unlike those of 

/' M 'i-\pv the lilaltidar. but are perhaps more developed. 

/' M Many of tlie MatilidacsUnvo a ipiiet incoiispie- 

H N uou.HapiHnir.m-e. but others show a remarkable 

i/ i ^ d 1 rosomblrtiue to the stnu-tun-s on which they 

V e[r'1ir4S Tims t!>e Indian Amorphoacelisannultcor- 

I % ru> mimics the bark of trees ; AVfHuopAi/o. which 

V ^ lives in deserts, i.s almost indistinguishable from 

v,.,. 4-20 -EBK.ca.o nl the saudy .soil ; whilst tho young of Hymnwpus 

M.initf witl. yeutiit tiVorniji and ('ronj/y/.oi siimdate flowers 

m th'ir -{ nf varying Imo. ocfilula is said to change 

; B ecrei .•( colour like a chatiioleon. The numlier of species 

of M.mt.d,u. is pm m about OOO: they are 

lioiiitorv thrcftdd («fior lar^*»ly tropif iil. S^^riu* <lozen or more ar^ n 
brt*nK»Urir Moflitorrunojui nroa. ftiul Mantis 

rriiW.sa occurs as far ror.li os ctuHral Fraiu-e. but there .vre no Britisl. 
species. The eggs are lai.l in a peculiar m.tho.a formed by a foain liko 
Ihhd which exude.s witli the ova. and which as it hardens m the air is 
■noulded by the tips of the fore-wings. M. rchr,,asa lays m tl^ aut.^n 
and tfu^ voung forms emerge during the following June (Fig. 4-0). 
then Ica've tf.e ootheca but remain attached to it by a silken threod 
fastened to their ecrei: only after their first moult do they l^^coine free. 

The species are grouperl in six sub-families : . r. i 

1 AmorphosceUnae. ParaorypilnA Sanaa. : Dtscoihera Bon. end 




n;. 4*20 —KBK'CA.^0 

M.ifittf with yi>un|i o^rA|>- 
Itijl. A tlio C4kao Mitli 
ymina in ttu ir fK^j^ltlc-u « f 
; ft evrei vi 
Uii‘ young form nmi:- 

tho 

poiiitory throftdd («flor 
brtmgolArir 
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Fin. ; Manioidxa Newra. shou-s few of the well marked features of 
tho family. 

2. Orthoderinae. Pyr^omaixtin Gerst., tho female has rudi¬ 
mentary wings ; Eremiaphila I^f., highly modified desert dweUere. 

3. Mantlnae. 3ficronian/i:« Sauss. ; OdontomarUi> Saiiss. ; Hapa- 
Icmantia Stal ; Tropidomaniie Stal ; ATxhirnantia Sauss. ; Pseudo' 
mantis Sauss. ; Mantis L., CaJlimantis Stal. 

4. Harpa^oae. Harjxix Sorv. ; PseudoharjxLr Sauss. 

6. Vatinae. Vales Burni. ; Pseudoiatcs Sauss. ; SUnophyUa 
Westw. ; Steru>vaits Sa\i3s. 

0. Empuslnae. Gongylus Thimb. ; Empusa Illig. ; Idoliim 
Siiilsa, 

Fain. 5. Phasmidae** Hoad protruded, prothorax short hut meso- 
thorax much elonifatod, the tops are similar one to anotlier, ccrci present 
but iinjointocb topininu small or, like the hind-wings, eomotinios absent, 
Boxes often unlike. 

Tho Phasmidac arc coimuonly known as leaf- or stick-inserts and in 
them tho niirnicry of plant-structures reaches its highest development 
(Fig. 421). They are often large in* 
sects, attaining in Bome crises a Icngtii 
of nine indies. Usually tho antennae 
are tniuiy jointed, tho eyes proininont 
and supploinoiited by ocelli. Thepro« 
tluirax, in contrast to that of tho 
Mantulfie, is short oven in the lengthy 
slick iiuiocts; the mesothorax always 
big. The ahdomon is usiiolly elon¬ 
gate and of 9-10 fiegincnts, tho corci 
arc flattened unjointeil plates. Tho 
anterior legs are often siretehod for¬ 
ward, tho femora guarding and con¬ 
cealing oaf'll side of the hoiul. Tho 
eggs maintain tho triKiition of tho 
family os mimickors of vogotublo or¬ 
ganisms by rcsoriiblirig Heeds, and like 
many 6cc<ls they tiro scattered proinis- 
cuously and not laid in oothociLs. 

Many of tho odd oxtonsiond of the in¬ 
tegument chara4*t4>rislic of these insods 
aro already visible wlion tho young 
leave tho egg, and they are oxsggor- 
otod at each sul>Hoc|ucnt moult. Tho 
nowly hatched young of tho winglor^H 

forms closely rosomhie their parents. SyJhot (lUtcr WcbiutMKO. 

Other forma acquire wingH after their 

second or third moult. Ah is often tho case in (ho Trachcata tho foiiuilcs 
are much larger than the males, and tlie latter are more mobile and fro jointly 
possess wingH even when the feniulcH are wingless ; on the othf r hdud, tho 
mimicryof tho females is far in<iro |>orrcrt than is tliat of the males, who 

• Joly, Mem. Ae. Set. Toulouse (7) iii, p. I. Gdidi, ZooL Jahrh. SysL 
1889, ji. 724 ; al^ Urunner von Wattonwyl and Redtcnhacher, Die 
tnsekUnfamUic der Pha^miden^ Leipzig, in course of publication. 
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are lees iinportant in the perpetuation of the race. The anterior wings are 
usually those which most closely mimic leaves, but the legs and other parts 
of the body may also be dattencd and loaf-like (Fig. 421). In the genua 
PAylh'um this is carried 80 far that specimens nibble each other, apparently 
under the impression that they are eating loaves. Tlio nervures of the teg- 
men are very peculiar and the hind-wings in the female are represented by 
rudiments. As the Phytlium ages its leaf-like wings are said to assume 
autumn tints. OthergenerasuohasLoncAodes. BaciUus.etc.,resemble twigs 
or gross-stalks; others again, such os Coreys, bear many thorns or spines. 
All are vegetable eaters and at times are so numerous and so voracious 
08 to be counted amongst the insocb-pests. There are some 000 speoiss, 
for the most part tropical or sub-tropical \ the leaf-insect PhyUium har & 
predilection for islands. Four or five species occur in South Europe, but 
the whole family is very intolerant of cold. Austndiu is perhaps 
their present head-quarters. 

There are twelve sub-families :— 

1. Sub-fam. Looehodioae. This sub-family is confined to the Old 
World. Lonclufdtn Gray ; Proniachua Stat. 

2. Sub-fiun. BacUDCUUnas, an /Vmei-isan sub-family. Phantatis 
Sauss. ; Lamponixte Sta! ; J9acuncu/us Burm. 

3. Sub-fam. Bacterioas. Bacteria Latr. ; Hapiopue Gray ; 
Bactridium Snuss. 

4. Sub-fam. Neoroscinae. Necroscia Serv. 

5. Sub-futn. CUtunmloae. CUtumnua Stal. 

6. Sub-fam. Aorophyllloae. Tropidoderua Gray. 

7. Siib-f«un. Cladomorphlnae. Cladomorjdma Gray. 

8. Sub.-fam. Aaisomorphinae. an Ainericun suh-fuiuily. .-1>u>o- 
morpha Gray. 

0. Sub-fam. Phasmioae, with one excejition Orottia, also on 
Amorioun sub-family. Orohia Stal; Phaatna Stiil ; PUnmdca Slal. 

10. Sub.-fam. AschJpasminae. Aachi/xiaina Wcslw.; Perta- 
moTpha Serv. 

11. Suh-fain. Bacillinae. Latr.; Phalcca Rial. 

12. Sub-fum. PhyllilQas. rh'jllium lllig. ; Chitoniacua Slnl. 

Sub-ordor II. SALTATORIA. 

Hind-Ugs Icuglhcncd and in moat cases thickened for leaping; auditory 
ami airiihilaling organa ueli developed. 

I’am. li. Aoridiidae.* Anttmnao short witli at most thirty scginonts; 
ovipositor short and not protruding fruin liind-end of fi'iiiulu ; torsi with 
luit tlirce ht'gn]enl.s ; auditory uppurutus on first oiKlotiiinal scgnioiit. 

Thi.s family is the most numcroua l>oth o-s regards si>o« ies mid individuals 
of tho Orthoptora. It eonipriscs tho oonimon graashop|>or» of our fields 
and tlu.’ <Ie.'»tructivo locusts wJio.se countless h»>sts do8tr«»y tho vegetation 
of all tlic warmer regions of tho earth. The lieiwl is livrgi', liont doivnwords, 
and partly concealed by the prothornx ; tho eyes are largo, and there arc 
throe ocelli. Tho short antennae offer o remly mark of differentiation 
from the Locustjda© and Gryllidae. Tho prothorax is large, often crested 
and usn.ally wmty. Tho whole body is somewhat fluttoned from side to 

• Bolivar,, Ann. Soc. Eap., xiii, 1884, p. I. De Snussure, Spieilagia 
entomologica (Jcnevcmiia, Pt. 2, 1887, and Mem. Soc. Phya. Qer\eva, xxviii, 
1884. liriuuior van Wattenwyl, Bull. Soc. Houen, 1885. 
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side luiU tho <^>xiieoftlut aio »ttm*heil to tliu sidc:s vf the thorax, not 
to the voiitnil tfiirfiM*<'. diKtinct »<?gnionUj con bo counted in the 

iilKlonion and lioliind tlio bust urc the orgaiu^ connected with reproduction. 
The teginina are long ami narnnv; tlio hind-wings fold up like a fan and 
nro covered by the tegminu. Tho hind legs are often very long and 
powerful and are uKod fc>r jumping. Tho well-known noiye nit'uJe by 
(^a8Kliopp4>rK i« prodiieed by rubbing a row of minute prominences on tho 
inner surface of tho femur of tiu' last legs against certain projecting veins 
on tho outer siilo of tho teginina. This soumbproducing appuratii.*) is 
better dcvehipc<l in tho males than in the fenmles, the |a.st named sox 
rarely producing sounds au<liblo to our ears. Tlie auihl<*ry organs are 
ono on cither side c)f tho first ahdoMiinul Keguuajt; <nieh consi>ts of a 
momhrano surr4>imded by a complex rirn and well supplied with 
norvos, miiselog and truclicac. It i.s well developed in both se.xes. This 
family is remarkable amongst tho Orthopt4»ra for possessing spacious 
vosielcs connected with tin* trachtNV'', and wlu*n those are fully inflated 
they doubtless servo to ligliton tlio btnly of tlie insect during its Hights 
(Fig. d80). Tho feniule pn^pares by means of ct^rtain gonapophyses a 
hole in tho earth in which she <{t^po.sits her eggs and a cpiaiitity of u 
fluid whieh hikrd<uis around them. In this way CaloitUnns 
lays about lOO eggs, in four hntrhe.s about (>M'nty-five. The young 
moult soon after l(?a\dng tho<*gg and the lost stagi\ (ho sixth, is tlie adult, 
Ihiring the post-emhryonicr development there is Ji considerable ihange 
of colour us well lis an increius<' in the coinph'Mty of parts Tho Acriiliidae 

eaters, and include most of tboM' insei ts popnhirly known ^i.s 
‘ locusts " which at ti ines do incahrulable liiirm to the plant world. \Vh(*ii 
for Honio unknown reason H{MH!ies <#i* this family uu rejiso at a pnxligiou.s r<ite, 
and above all when, a.s is the <*ase with many KjHu ii‘>, f liey develop niigrntory 
Imbits^ tlio vegetation of wlioh^ n^gions may hu ih'strt^yetl. During a 
HiiJglo Hvasou in the ishirni of C’yprus over 1,300 tons of ‘locust '* egg* 
cases havo Ix'en destroyed and this figun* gives some slight idea of tho 
gravity of the plague. Tlio swarms do not neces.sahly occur evi*ry yi‘ar, 
m fact there is as a rule some interval Ixdweeii each attjick. TJkj piH'- 
msposing cause is unknown. Orit' of the most imp(»rlant migratory 
f <ichyiyhu cin^rascrnu 422) , is indigenous to llelgiuni hiit gives rise 

to no swarms in that country. The direction of thelociwt (light Muunsto 
epond largely on the wind, and tho ifnx'CtHaie tiaitl to fiy at great lieights. 
no migratory iristin<*t is not confined to tho winged adult; the wingU>ss 
young aomotiinoH jump 
tbrongh tho land in count¬ 
less hordes clearing off every 
biudo of gross as they pro- 
and doing fK-rhaps 
^Moro damage than the 
Winged adults. 

In the Old World, especi- 
‘^lly in tho Eost, the most 
Hlmndunt “ locust ■' is Pttrhy 

mus cinertuceng. which whoii 

Jlonudod of iu wings «iid 
and fried in buttor tastos 

i^ot unlike shrinijis and is eaton by tho inhabitants of Ihilewtine, P. mfgro- 
ortus is rather more restricted in rui^go, being limited to E. Europe 



FtO. 422. — European tnlgratory loount. Pachyiyiut 
r%nerat</n$ V. Kr<Mn Hhar|). 
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and Turkestan. P. migratorioides is E. African. P. marmomhu if 
widely found in the warmer parts of the East, whilst P. nigrolateiatut 
spreads into colder regions. Schitiocerca peregrina rotu^hes from N. Africa 
to N.W. India and is probably the “ locust *' which plagued Pharaoh and 
his people. S. americana is migratory in the United States and several 
other species are American. The Rocky Mountain Locust is CaloptenvM 
9prthi». 

The Achdiidae comprise the following nine sub-families :— 

1. Tsttlgloas. In this large sub-family the pronotum is extended 
backwards os a hood or cover over the body, and this extension often 
takes a grotesque and bizarre form. A similar outgrowth occurs in 
the Membracides, a sub-family of the Hemiptera. TtUixhijAtncUUua 
and T. ntbulatus ore British. Xtrophylium ; Cladonotu *; Seelimena. 

2. PnsamoriDM. Large South African fonns with few spet^ies. 
Pneumora. 

3. Mastaelnae. Rare and tropical. Afostoz. 

4. Proscopllnas. Wings small or absent. Tlio insects frequently 
resemble Phaamids, but here it is the prothorax which is elongated. 
Cephalocottna. 

6 . Pyrgomorphlnas. Pyrgomorpha. 

0. Tryxslinae. A numerous sub-family. Mteottethus grosstu is 
Brit ish ; Tryxalit. 

7. Pampbaglnae. Chiefly African and Mediterranean. Xipho- 
cera. 

8. OsdlpodiDse. Tins sxtb-family irchides most of the migratory 
locustj of the Old World. Pachytytus ; Methane ; CucuUigera : 
Traehypetra. 

9. Acridilnas. Most British Orthoptora belong to this sub-family. 
Stenobothnu with six British species; Qomphocenui with throe; 
.4cn'di«m ; Caloptenwi. 

Fum. 7. Locustldae.* Long, slender antennae of more than thirty 
segments ; elongated, flattened and sword-like ovipositor; htrsi witli 
four segments ; auditory organs on tibiae of first legs; wingless forms 
numerous. 

The Locustidae t are as a rule more delicately formed insects thon the 
Aeridiidoe, ore destitute of the tracheal oir-vesicles, and do nut take 
such prolonged flights as true locusts. The term “ grasshopper is applied ” 
indiscriminately to certain members of both the familie.) Aeridiidoe and 
Locxietidae. The shrill music of the Locustidae is produced by rubbing 
a &le-Uke ridge bonenth the base of the left tegmen over a ridge on the 
upper surface of the right tegmen. Tliis apparatus is usually confined 
to (he rnalo. The ovipositor is sometimes as long as the body, or longer, 
and is used in placing the eggs in the earth or in slits made in stems of 
plants. Most of the insects pass the winter in the egg, and hatching out 
in the spring, become adult in about ten weeks after casting the skin— 
which the young insects economically eat—some four or five times. Tlie 
Locustidae ore largely nocturnol; they frequent trees and live largely on 
leaves, but they ore not bigoted vegetarians and some are said to be 


• Dewitr, Zeitsehr. wise. Zool. xxv, 1875, p. 174. Riley, Ann. Rep. 
Ineecte, Mieeouri, vi, 1874, p. 159. 

* The family name is unfortunate os “ locusts *’ belong to the Acri- 
diidae. Some authorities substitute the name Phaseonuridoa. 
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cntin-ly coriuv«)rou 8 , living f«»r tlio most i)urt on other insects. The 
tcgiiiiiniuf some genoni. lUerochroza, closely iinmic leaves especially 
faded ones, ovon carrying tho mimicry so far as to imitate the markings 
caused by lar\iu> which mine in tho ti.ssues of the leaf. Others seem 
to r 8 eii|H' molestulioii by mimicking ants, and some rcrenible twigs. 



The Locustidac are ilividcd into tiftcen sub families : — 

1. Phaneropterioae. phaneroptcra fahatn njtd LfpUifihyct puncta- 
ti^ntrut are Hritish. Mirroc-ttlmm iiic!n<lcs many of tho North 
Amerlenn “ Katytlids.” ijnnfrophana mimics ants. 

2 . Mecooemlnae. Mrronemn canum is britisli and lays eggs in 

3. Mecopodinae. Meeopoila with a very highly developed 

plionotif; uppurntiiH. ^ ■ 

4. PrOChlUnae. The pha.smid likc speeje-s are confined to tins 

Hiib-family. e.g. J’hnHmwIm and Prin-hiluM. 

r#. Ps 6 Udophylllna ©4 lUrrochroza and In A axt^'nt Ci/rU>phyUtiS 

tiiimid* U*avoH. 

U. Conocephallnae. f'opiophora aith curious heiul beonng an 
ornamcnl.d outgrowth. Ht.juMo,,. XiphuHnm .hrmle is Hritish. 

7. Tympanophorinae. 

K. Locustinae. /^a nwo includ.-R the British gr.-en-grasshopper 
L, viridiftfthna. 

II. Saginae* P4'rin'fufy<lla, an olungati'd South African gonos. 
lb. Doclicinae. Ihrti-.U» irrrnchorn.v rarely taken iii Britain, os 
|:i also T/uirnnolrizon cmrrcioi and lhr<T spts ics of PlatyeUia. 

II. Callimeninae, with phonetic organs in both hexes. 

1*2. Ephippigerinae. This Huh-family also has phonetic organa 
in Itoth KCfxeM. Ephipfngera mimics [larts of plants. 

13. Hetrodioae. 

14. Gryllacrlnae. EchizotlnclyUut a curious form with tho wings 

into oiirJcd {)roc<‘K.s<*H. 

ir>. Stenopelmatlnae. I.arg.-ly a cave dwelling sail family, whose 
memlsTH have onorniously long untoiimw ami legs, and no wings or 
phonetic organs. 

Pam. 8 . GryllidM. Klongato very nlondcr antennae ; hind lege 
adapted for jumping ; ofUm n long H|K*Hr liko, <*yhniirjral oviponitor (nut 
in OryUotalpinae); U*^uuuvk with inuvriitul p<*Hl 4 'rior f»art flat on the back, 
the outer part folded at right ungluH on to the Hide of I ho body ; turwi tJiroe- 
jointed with oonio exix*]>tionH ; wingletw funim eoiiiinoii ; cured aimlue 
often long^ utiHugmunted« 


X X 
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Both in tho ovipoMtor 
and in the position of tho 
auditory mid phonetic or- 
Rons tho GryllidiU) or 
Crickets come close to tho 
Locustidao, tlie chief 
divergences between tho 
families resting in tho 
orrangements of tho teg- 
mina. the usual number 
of the tarsal joints and tho 
development of the un¬ 
jointed cerci nnales. Tho 
shrill note of thoGrylli Jao 
is caused by the rapid 
XTbrotion of tho tegmina, 
“ the edge of one acting 
on the file of the other." 
Tho hind wings are usually 
longer than the tegmina 
and often than tho body. In the abdomen tho pleura are markedly largo 
and tho abdominal stigmata correspondingly conspicuous. Crickets have 
but littlo l»eauty of shape, colour or voice. They solduni leave tlio 
ground, though tho troe-erirkot.s climb tin to plants; with tlie exception 
of the (hyllotifpinir they oro herbivorous, and aro very cosinopolitan 
in their distribution. 

The GrylliiliV' are divided into seven sub-families : — 

1. TrIdactyMnao. This sub-family departs from tho usual rule in¬ 
asmuch n.H its antenniu* are short, of some ten joints, and there is 
no ovipoHit<ir. Their wings also differ from those of other (Iryllidac, 
and they have no auditory organ on the legs. On the whole their 
affinities an- doubtful. Tridactylxu South European; RhipipUryx 
.South American. 

•_*. Gryllotalplnae. fiVyWofuipofmole-crii-kets) burrows tindorground 
by moans of stout fon>-leg3, which by a sheur-liko action cut through 
roots, and tlius causes some damage to crops. It is largely carnivorous. 
O. ful'jan'ji, now bocoiiiing rare in England, lays 200-400 eggs oi'er 



Flrt. 42I>.— Cryllyatpa nil'jarii. 


whicli the ntotlier watches carefully. These Imtch in a month and 
tlie female feeds tho larvoe until fhej’ undergo their first moult; on 
the other hand the male occasionally devours tlieni. Cyltndrode 0 is 
on Australian genus,' very destructive to plants. 

3. HyrmecophillDM. Myrmeeophila. 

4. GrylliOM. OryUus camptatriA is tlie held cricket, O. (.4cAela) 
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dontfsliciu the “cricket on the hearth”' the latter seemfi strajigely 
do^oted to tlio duellings of inan»and it i& doubtful if it Icruls a truly 
u iltl life. The adult nmio alone chirps. PUityLUmmus A'emofeiua 
syli-CMlriA is taken in the Now Forest. 

5. Oecanthioae. OccaiUUtu with distinct diurnal and nocturnal 
“ songs.” C. Trigonidiinie. Sictioyrylltus. 7. Eoeopterioae. 


Order 7. PhECorTERA * (1 ’eblaria). 


Fair sized itisccts with ajiierior wings long and slender, yosterior 
wings larger and folding like a fan, both -pairs membranous with 
very numerous nervures ; the coxae are small and separated 
laterally ; larvae aquatic ; mela-morphosis slight. 

The “ atotie-Mics ” are a very small order of inconspicuous 



Fio. iZ6 -^A, Pcrlld larvA. lateral m pc cl Graticr).; k ; U ; 

Urv« of i*eria tfiaiuAalQ (*fUr Wc»l\vood). 


5. 


insects, tlto described species of which hardly surpass two hundred 

in number. Their body is somewhat flattened. The head 

bears long, multi-scgmented antennae, and os a rule somewhat 

• Imhof, Beitr. Anal. Perta tnaxima., Inaug. Diaeort. Aarau, 1881. 
For British Species v. Cat. of Brit Nouroptora Eniom. Soc. London, 1870. 
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feeble mouth parts, also two or three ocelli and moderately large 
compound eyes (Fig. 426). The thoracic segments arc distinct, 
and, correlated with the g«ip between the bases of the legs, the 
sterna are well dcvoloiwd. The abdomen has ten distinct seg¬ 
ments and often ends in a pair of long, joijitc^d ocr<-i. T)ie h-gs 
arc slender and have three tarsal segments. Tlie tegmina lie 
flat on the back, one overlapping tlie other, and Ciudi bent down 
at the side so as to protect to some extent the sides of the body. 
In opposition to the usual rule tlic wings of tlie males are often 
reduced and smaller than those of the female. 

The oesophagus is large and thcie is no distinct er(>p or 



Ful. 4-7.-rivixif*! t 
^lft4 r Vk'V 


proventrieulus. The true stoitiaeii is small 
with ten lobes. Tlie inatpigliian tubes are 
numerous. The nervous system eompris(*sa 
small brain, three thoracic and six ahdominnl 
ganglia. Itotli male and female gonads 
form a ring like tlioso of many Araehnida, 
and the latter bears a rcceptaculum on its 
course. 

The l^lccoptera lay very numerous eggs, 
some tlKaisaiuls, ca<h witli a ri'iiiarkalilc 
micropyle. Tlie eggs arc said to bo carried 
about in a hollow on tlie nintli abdominal 
segment of the female before being deposited 
in the water. The larvae (Fig. 426) .seem to 
prefer running streams and even torrmits ; 
and tlie adults, since they arc not strong on 


tlio wing, ii.«ually fretpicnt the vicinity of 
sueh waters. The larvae are mostly found under stones ; they 
have no stigmata and either absorb oxygen through tlio skin 
or tlirough tiift-!iko gills plentifully supplied by tracheae. Such 
gills may persist, until the imago in.star is rcaelu'd, and maj' 
coexist with fun< ti(tn.d stigmata, of which there arc usujJly two 
pairs on the thorax and eix on the abdomen. In the last 


aquatic or nymph stage the insert re.semblcs the aerial adult, 
except in having no wings; but like the larva it is active and 


feeds on soft-bodied-insects such a.s May-flies. 

On the whole the Onler is i.erlmps most closely connected 
with the Orthoptera and e.specially with the lea.st specialized 
members of the family Phasmidae. It comprises but one family 
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Fam. 1. Perlldae. With tho characters of the Ord‘T. There are a 
couple of dozen British represontutives, and os the insects are unattractive 
and yet widely distributed it is probable that in all parts of the world 
many remain to be described. Ptrla British ; Puronarcye ; laopUryx with 
an auditory organ on the legs ; DiclyopUryx ; laoganua British ; Nemoura. 


Order 8 . Psocoptera ♦ (Corrodentia or Psocidae). 

Minnie soft-bodied insects with hair-like antenna^ ; wings ahser.i 
or 'present and in the latter case the fore-unngs are larger than tie 
hind ones; prothorax small and in the winged species, huldin 
between head and mesothorax ; tarsi with lux) or three segments ; 
metamorphosis alight. 

Tlie numbera of existing and of described species is probat ly 
about equal to that of tlie Plecoptera, but tliere are rather more 
Britisli species, some thirty or so. The antennae have from 
eleven to twenty-five segments. Tlie moutlt parts are well 
developed and the 1st maxilla bears a peculiar “ pick.” The 
thorax looks as if it had but two segments, since in the winged 
forms the prothorax is concealed, and in the wingless forms 
where it is apparent tlie meso- and meta-thorax are fused. Tlie 
sterna are small and the coxae contiguous. The alimentary 
canal is simple, there is no crop or proventriciilus, only four 
malpigliian tubules, and a short in¬ 
testine in Clothilla. The life-history 
of the group is not well known. Tlie 
development of tho wings varies 
much, but even when they are fully 
formed there seems a curious reluc¬ 
tance to use them ; still at certain 
limes clouds of small Psocids float on 
the wing. Ocelli usually occur in the winged forms and are 
absent in the apU rous wpeeies. Probably the order comes nearer 
to the Termitidoe than to any other. 

Some Psocids have the wings covert^l with scales, which possess 
colours, and form patUTns of extraordinary beauty and com¬ 
plexity, rivalling those of MicrolepidopU*ra. Enderlein, who 
has devoted much study to tho group and described mony of 
these scaly-winged forms,f unites the Psocids with the Embiidae, 

• M’Lachlan. Ent. Mon. Ma<f., Hi. 1867, p. 177. Dorham, Phil. Trana. 
xxH, 1701, and xxiv, 1704. Endorloin, Zool. Am., xxvi, 1903, p. 423 
t Spolia Ztylanica, vol. iv, Doc. 1900, pp. 39-122 and platos. 



FlO. England 

(After M'LAClUan). 
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Termitidae. and Mallophaga in a single order Corrodentia, 
making the Psocida a special sub-order Copeognatha * The 
group is also of interest from the fact that very many members 
of it are preserved in amber. There is but one family : 

Fain. 1. Psocldae. ^Vith the charoctera of the Order. Ptocus, many 
epeciea of this genus live in colonies on the rough, lichen-covered bark of 
trees. They spin silken webs which cover tlie ooluny and lay their eggs 
in clusters which they protect with a coating of chewed woody fibre. 
ThyrmphoniJ, from Rrazil is the largest genus measuring an inch across 
the outstretched wings. Embidopsocua is said to show affinities with the 
Erabiidao. an<l according to others .4rropo# share, with the Beetle 

Aruybium. the credit of lx*Lng death-watches. Their toppings alarm the 
superstitious, though it is not absolutely jirovod that they cause the regu¬ 
larly repoaU'd noise. Both the liwt named spocics are “ book-lice,” and 
by eating the stiirch past© employed in book-hiiuling'< and in lining insect 
cabinets, cause much annoyance to librarians and entomologists. If 
undisturbed they may exist in groat swarms. 


Order 9. Isoptera (Termitidae). f 

Siicial insf‘rts with or u-ilhout u iiuj.H ; when }ire^int all the wings 
lit fUtl on (he back ; hind- ami fore-wings arc alike niftnhranous 
and much longer than the htnly ; they arc nadily ceiM o0, and break- 
ing along a ui'th’md line. Ifarc a .'omill projection behind; the 
(. n ahd<rmimil s,gmcu(s end in a jmirof short ccrci ; meianiorphosis 
^liff/it ami graiiuai. 

The termitca art* popularly known as wlutc ants, a misleading 

name as tliey are 
not ants and by 
nil means always 

wliite. Tlie Itcad 
i.s large and in 
smne grades of 
tlu-ir communi¬ 
ties gigantic; it 
may boar com- 

pound eyesainlat must t\s .> ueelli, but many termites are blind. 
The antennae Ijuve nine tu thirty-iuu' segments (Fig. 492). 

The skin is usually tnm even wheri' the ehitin is best developed, 
• Zool. Am., vol. xxvi, 1003. ]>. t'23. 

f Grass! and Soiuliofi. .l/O'. .ter. dioct}., vi, and vii. 1804. Hagen 

P. Boalon, Sot., xx. 187S, p. 1 is Lespes, .-Inn. Set. AVit. Zoot. (4). v, 1856, 
p. 227. Grossi, ZooL Am., xii, 1S»U. p. 360. and .U S'. xxxix, 1896, 
p. 245. 
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and. termites are emphatically soft insects. The abdomen is 
bulky and in the queens enormous. The members of the com¬ 
munities apparently communicate one with another by means 
of sound, and an auditory apparatus e.xistson the anterior tibia 
as in tho Locustidae. Tlie wings, which are used but for one 
flight and are tlicn cast off, possc.s.s few but varying nervures, 
three chief longitudinal ones being pre.sent. Ten spiracles are 
described. Salivary glands and receptacles are present and 
large ; a crop is found, but not alu ays a proventriculu.s. Behind 
the insertion of the few (4-8) nial[)ighian tubules i.s a large swelling, 
the “ pauncli,” w'hieh is succeeded by the small inti-stinc. Three 
thoracic and six abdominal ganglia arc described. The testes 
and ovaries arc simple and vary in size in different species and 
specimens. 

It is not yet po.ssiblc to give a generalized account of the 
social communities of the termites, partly becau^c our know¬ 
ledge is still very incomplete, and jiartly because the organi¬ 
zation of the societies differ very gn-atly in ditlcrent species. 
The cliussical example is tlic African T. InUUosu.^ * which builds 
huge clay ne.sts “comparabh* to human dwellings; some of 
them being twenty feet in heigld.” From these ne.sts extend a 
ramification of covered passages, for, except during the swanning- 
fliglit, the kTinitos .spend their life in the dark. Within the 
nest is a counth«s crowd of termites, and tlie whole of tliis 
community has been derived from a .single royal couple which 
alone are capable of reproducing. It is tliouglit that if the royal 
pair he destroyed the community perishes and if this be the case 
there can he no provi.sion such as exi.st.s in other colonial Insects 
for repairing so grave a disaster. 4 ho queen attains enormous 
proportions; by the enlargement of the ovarian tubes her 
abdomen swells to sueli an extent tliat she becomes from twenty 
to thirty thoiiKand times the normal size. She ceaselessly lays 
eggs whicli arc carried away and t<-nde<l by the workers. Owing 
to licr hulk it is quite impossible for )ier to leave the royal cell 
to which her mak is also confined. The growth which is hero 
diiscrihed is probably a unique case, since Insects as a,rule never 
grow afkT reaching the adult instar. 

Besides the (i) king and queen we find in the colony enormous 

* HriioAthinon^ Phil. Trans.^ I78l» p. I3U; and Savugo^ Ann. Mag. 

Nat. Hist (2), V, IHMh p. U2. 
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numbers of (ii) workers, and (iii) soldiers. These are male and 
female with sexual organs arrested in development and without 
wings. The soldiers are distinguished from the workers by their 
size rather than by their valour; in fact the workers are the chief 
fighters. In T. hdlicosus the soldier is fifteen times the size of the 
worker. The head is enormous and the mandibles are especially 
enlarged and show well-marked specific charactere. A certain 
modification, in which the head is prolonged into a snout, from 
which issues a fluid used in cementing the walls of the nest, 
gives origin to a sub-grade of soldiers called the nasnii. Besides the 
forms already mentioned the nest is crowded with larvae, which 
leave the egg in an active but soft and blind condition. These 
young are at first all alike, some of them are destined to form 
workers and soldiers, others to acquire wings and to leave the 
nest in countless swarms. TI\e latter probably pair in their 
flight and dropping to the earth shake off their wings. Should a 
male and female alight together they may succeed in founding a 
new colony, retaining in them a sufficient store of nutriment to 
last till the first batch of workers hatches out; these then begin 


to tend their royal parents. 

T. lucifuQus is found in the south of Europe and in the United 
States. Its galleries mostly lead to w’ood of various kinds, old 
trees, parts of buildings and ev^n furniture. There are workers 
and soldiei's and larvae in various stages but apparently no 


royal pair. The reproductive 
by a number of complemental 


functions have been taken on 
females, which have not com¬ 


pleted the normal cycle of development and in externals re 


seinblo one or other of the late larval stages, for in this 


species the reproductive organs may become active at differing 
stage.s of dev'olopment. Kings arc not always to be found, and 
it may be that in the case of the male the reign is transitory and 
that the kings die or are killed as soon as they have fertilized the 


females. The development of the community takes eighteen 
to twenty-three months, during which several swarms of winged 
individuals are given off: most of the.se fall victims to insecti¬ 
vorous birds, etc., but sonie pairs e.scape and seek to establish 


new colonies, in which ca.se the female would be a true queen 
whose functions are later assumed by the coniplcment^il females, 
CaloUrmes fiavicoUis is the Bccond species of European termite. 
It inhabits the Mediterranean region. It lias no specialized 
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worker grade and the affairs of the community are carried on by 
the soldiers and active larvae. This species lives in passages, 
excavated in dead or decaying trees; they build up barriers with 
their own ejecta and line the galleries with secretions from 
their salivary glands or from the anterior end of the alimentarj' 
canal. The colony is small, with some hundreds of individuals, 
but rarely numbering a thousand. The royal couple move 
about and their progeny increases slowly ; two yea-s may see 
a family of fifty, and when some 
five hundred have been produced 
the queen diminishes the output. 

Tlie winged insects take more than 
a year before they swarm, after 
which they pair off and start new 
colonies. 

Frojn what has been said it is 
evident tliat tlie continuation of a 
colony of terinitca depends on tlie 
well-being of tlie king and queen or 
of a aniall number of queens. To 
diminisb tlie risk wliicli is concen¬ 
trated on a few individuals, tlie 
termites manage to keep certain of 

tlie larval forms (Fig. 430) in sucli a , . 

condition tliat should anytliing liappen to the royal pair, they 
may by proper attention-probably a change of diet-become 
rcproductivcly active. The activity of the reprcKiuot.ve functions 
taLs place in an insect still in a larval stage.* Before it m 
these individual., are known as - reserve " or eomplementaiy 
kings and queem, ; after it lias been brouglit into use they 
are known as “substitution” royalties. In tho case of 
T lucifuijuJi the colony i., mainly earned on by such forms The 
reserve or complementary monarelis are liowover not derived 
from stages immediately preceding the final or normal adult 
instar, hut from some earlier larval stage, and by no means 

always from insects in tho same instar. 

The termites, inhabiting their enormous nests, keep the in¬ 
terior of their dwelling scrupulously clean. They not only eat 

• Cf. AmhUjstoma. Tho larval stogofl with active reproductive powers 
are sotnoiimod caltod ** iiootonic. 



Fio 


<> 430 - uf CaloierrM 

fugotuM (ftfur K. Muller). / wioff- 
likc Appendage? of the prothorax i 
/' rutjjment of th? foir-wtDg ; T' 
rudiment of the hlnd^vlng. 
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aU refuse including what has passed through the alimentary 

canals of others, ond hence termed proctodaeal food, but the oast 

skms and the dead bodies of their companions. When the last 
trace of nutriment has been absorbed from tlie repeatedly digested 
food, the ejecta are either- left outside the nest, or carried outside 
or used in plastering the wails of the galleries. Another kind 
of food IS the regurgitated contents of tlie crop called stomo- 
dacal food, and a third is the secretion of the salivary glands, 
w ulst the soldiers at any rate consume alive the bodies of any 
fellow Cafotermes which nuy he ill or di.sal.led, Thev occa- 
■siona ly kill but do not cat members of other species 'such as 

/. The young arc at first nouiiahed by the salivary 

secretion alone, later they take stomodaeal and jiroetodaeal food 
and at length are able to .suiiport a diet of triturated wood 
-Since a,s far as we know termites of all grades resemble one 
arm her when finst hatched ; and since it is evident that the 
grade O, ,1.0 insect can be determined by the community, for 
not only can .substitution royalties he produced, hut forma far 
along the road leading to the winged state can be diverted 
and turned into soldiers, I heir rudimentarv wings being absorhe-d - 
It seems evident that heredity cannot he the determining cause 
any induidiial assuming it.s final grade, Gr.assi, whose re¬ 
searches have tlono much to throw light upon the problems of 
termite hfo attrihufes the various forms we know to diet and 
It IS pn-.bfil)Io timt ho i.H right. 

Termites tiourish best in the tropie.s and subtropics, but a few 
as eve hiue seen, .spreail into the warmer temperate regions.’ 

11 ir nest.s are made of chewed wood or earth soliditied by the 
exeretioa, o the insect. The earth which forms their galleries is 
often c.arried m the form of branching tunnels even on to the finer 

from time, to time the soil returns to the surface, and it has been 

rene^ne tl the place of earthworms in 

mnewmg the surface soil, ,\n Australian species has the pecu- 
hanty of placing its flattened upright nest with the long a.xis 
pomting east and we.st. In the nests of T. bdhrojus and T 
aug^tatu, the nurseries, where the young are reared, are lined 
with the mycelium of a fungus. The habit which compels a 
termite to work in the dark, under cover of some e.xcavated 
tunnel or hastily constructed gallery, is thought to be connected 
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with the fact that they require a certain amount of heat and 
moisture. When removed from their retreats to the outer air, 
except during the swarming flight, tiiey soon die. 

Tliere is a single family :— 

Fam. 1. Termitidad. With the characters of the Order. There are 
about one himdred described spociee, but it is thought that many await 
description and tliat there may be eome tliousand in alJ. Tirrncs has 
representatives in all tho warmer parts of the globe, often very 
destructive in their habits. Tho woodwork of the Imperial greenhouses 
at Schdnbrunn, Vienna, was completely eaten away a few years ago by 
T. .Cavtpea, a species wliieh in both world-s attains a liigh northern limit 
for a termite. Eutermes, with several American species, often inhahits tho 
WRiaoi AnoploUrmev, a form in which the soldier grade does not tlevclop. 
HodoUrmca • is thoiiglit to produce no\vinge<l forms; it is ot any rate in 
some species a harvesting form, collecting both grass and leaves. C’a/o- 
termta lias already been described. 


Order 10. Embioptera f (Embiidae). 

Small insects wUh rather drawn-out bodies ; pro-thorax small, hut 
meso- and meta-thorax elongate ; with four similar wings or ywnc ; 
three, or jour longituduial and a few transverse nervures. Not siKial. 

Tliis 18 a very small order with .some twenty described sjhh Ics. 
They inhabit warm climates, are unattractive, and have received 
little attention. The antennae Irave from fifteen to twerrty-four 
segments. Tho coxae are separate, the tarsi three-segmented, 
the abdomen has ten segments and carries a pair of two-.segnieiited 
cerci. The proximal segment of the anterior tar.sus gives exit 
to the secretion of a gland which Imrdens into silk, with wliicli 
tunnel-like webs are woven under stones, where tho insects 
live in a warm, moist atmospliere. Their food i.s vegetable. 

There is but one family :— 

Fam. I. Embiidae. With tho charncU'rs of tho Orxlor. Oligotoma ia 
Indian and Pacific and luia lx*en introduced into England. Emhia 
Meditorrunoari. 


Order 11. Ei»hemeroi>tera + (EpHEMERtnAE). 
Fragile insects with poorly developed mou0i~paris, the imago 

• P. Tioaton Soe., xi, 1808, p. 309. 

t Groflsi, Ace. ^.oen.vii, 1889. 

9 J V ^ Ephdmirinoe, 1843. Lubbock, Tr. Linn, 

Soc. Zool XXIV, p. fli. VuyBidrre, Ann. Sei. Nat. Zool (7^ ix I linn 
p. 19. Honahix, Fly-Fi0htr*9 Kniomology 4th ed 1849 PAtnn * 

graph of the May FUea, Tran.. (2) iitp. 1 I8H8 ‘ 
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taking no food; short antennae ; four membranous, closely reticu¬ 
lated wings, the hinder -pair being much smaller than the fore¬ 
wings and at times absent; the end of the abdomen bears three 
or two very long cerci ; larvae aquatic ; an active winged sub- 
imago stage precedes the imago. 

Theso delicate insects known as May-flies spend almost all 
tlieir life in a larval state, assuming their final stage but for a 
few hours and only for the purposes of reproduction. In the 
adult the mouth and its appendages have atrophied. The an¬ 
tennae are short and with but few segments. The eyes are 

large and complex, especially in 
the male, sometimes divided into 
two separate organs on each side, so 
that together with the three ocelli 
there are seven visual organs. The 
mesothorax, in correlation with the 
large fore-wings, is very bulky. The 
anterior legs are as a rule longer 
tlian the others, in some males 
very long. The abdomen has ten 
segments. The alimentary canal of 
the imago is very capacious and 
has thin, extensile walls: within it 
is stored air, the amount of which 
can apparently bo controlled by the 
insect, and thus it acts as a balloon. 
The reproductive organa are the 
most primitive known amongst in¬ 
sects. Both male and female ducts 
are paired and devoid of accessory 
glands or diverticula; they open 
on the seventh abdominal stcrnitc. The short life of the adult 
May-fly, often only a few hours, is spent in an aerial dance, during 
which the males fertilize the females, which then resort to the 
water to lay their eggs. Some in a fever of hurry deposit the 
contents of their ovaries in one mass which disintegrates into 
eggs as it sinks through the water, others more leisurely wash the 
extruded ^gs from their abdomen by occasional dips in the stream 
or even creep below the water and deposit them under stones. 
The eggs are very numerous and may take half a year to hatch. 
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The larvae differ remarkably from the adults and are more 
peculiarly adapted to an. aquatic existence than are those of any 
other Insects. The form which issues from the egg seems to 
be but little developed; the number of moults is large, more than 
twenty in Cheon, and each results in some change of forni. .At 
first the larvae show no respiratory organs, but after a few moults 
platc-likc gills traversed by tracheae arise from the upper angles of 



Fl<i« 411^.—KpJiciaoritJ Urva. k 
ehcal iilIU ; I |»rjQr|pat (ruolu ot 
Uio tracticul »ytic(u» 



FIQ. 433.— danica, male* 
BHtaio* From Sliarp. 


the abdominal segments. The larvae may either dig or burrow 
in the banks and are then tliought to cat mud ; or they may live 
on stones, in wliich case they are flattened and are carnivorous ; 
or they may swim freely about, or they may inhabit still waters, 
in which case they cover themselves with mud (Fig. 432). The 
later stages, when the wings begin to appear, are termed the 
nymplw, and these vary greatly as regards the arrangement of 
their tracheal gills. The tracheae are closed except momen* 
tarily at the time of cedysis. The caudal appendages seem 
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also to take part in respiration, since each is supplied the 
heart with a vessel which takes blood to tlie tip. The blood then 
returns to the abdomen, where it enters the general body-cavity 
and makes its wa^^ to the heart. Rectal respiration also occurs. 
When ready to give rise to the winged insect the nymph 
floats on the water, the skin splits and in a few seconds the 
winged creature has stepped out and flown away. Tins instar, 
though active and winged, is not the imago but is termed the 
subimago: it casts a last skin and the true imago emerges to 
live at most a few days, but oftener only for an hour or two, 
sometimes but for a few minutes. 

May-flies, which if circumstances are favourable are born in 
countless numbers, are a favourite food of fishes, and form 
the “ dun.s ” “ spinners ” and “ drakes ” of the fly-fisher. 

There is but one family :— 

Fam. 1. Ephemerldae. With tho characters of the Order. There 
are sorno two to three hundred species desoribod, of which about forty 
are Rrit i.sli; but tlio order is little known, and many more probably exist, 
thou^'h from the number and variety of tho fossil fonns it seems that tho 
IS tt di8Arj>e«ring one. Ephemera (Fig. 433) and Cloeon are common 
British penera. ProsopiMoma is interesting, os it was long taken to bo a 
cnistacenn from the pro and meso-thorax forming a gill-chamber con¬ 
cealing five pairs of tracheal gills, like a Decapod. It is European and 
African. ^ 


Order 12. I’.\UANErROPTEBA • (Odonata ; Libellulidae). 

Lvn<j, slender insects u'ith mo6i/e hcads^ large eyes and short 
antrinmc ending in bristles; four transparent wings similar in 
appvnanrc awJ size, arising beJiind the level of the legs, with 
mjtny ; larvae agnatic. 

Orngon-ifie.s are ea-sily recognized. The Iiead is large and a 
great part of its surface is usually occupied by the enormous 
compound eyes, besides whieli there are three ocelli. The 
mouth parts are adapted for catching insects, which the dragon¬ 
fly does on the wing. The upper lip is large, the maxillae are 
toothed with a palp of pno segment, the labium is wide and 
chiefly buUt up of the palps, the mandibles are powerful. The 

P- Evans. British 

M’Lochlan, Cat. Brit. 

Weuropt. 1867, and Ent, Mon. Mag.^ xx, 1854, p. 251, 
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prothorajc is small; the meso- and meta-tliorax are combined, 
and have their ventral portions pushed forward carrying the 
insertion of the legs with them ; in the extreme cases the meso- 
thorax lies very largely above the meta-thorax. The abdomen 
is long and cylindrical, consisting of ten segments and ending 
in a pair of forceps-like processes {Fig. 434). Certain 
structures on the second abdominal segment in the male 



PIO. BrIUlo (after Migno*nx). (Tl.e lag, not la . natoral 

pOSUlUQ.) 


servo as vesiculae seminales, though how the semen is 
conveyed to them from the opening of the common voa de¬ 
ferens on the ninth segment is not clear. It is from the second 
segment however that the female takes up the semen during 
the nuptial flight. The ova are placed in the water or on 
some aquatic plant. The larvae are characteristic. Tliey 
undergo many moults, and after the first three or four traces of 
wings are apparent. The labium of the nymph is very large and 
jointed like a carriage-step ; it is sometimes caUed the mask It 
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can be shot out with extreme rapidity to catch insect prey (Fig. 
435). The alimentary canal in these instars is richly supplied 
with tracheae and respiratory water is pumped in and out per 

a num, the action being at times 
with such force as to propel the 
njTnphs forward. When there 
is no air in the water the tail 
is protruded from the surface 

Fio. *E$ehna Urva with radlmeotAO’ and air is taken in by the 
winRs and mask. anu 3 in the place of water. 

Dragon-flies sometimes migrate in large numbers, especially 
the genus Libdlula. As a rule they frequent places such as 
country-lanes, hedges, and the banks of streams, where they are 
most likely to meet other insects, which they devour in large 
iiumbors. catching them on the wing, and apparently entangling 
them in their U-gs and then handing them on to the jaws. 
The lar vae and nymphs are also very destructive not only to 
other insect larvae but to the fry of freshwater fish. They have 
no sting and are (juite harmless when caught, although there 
are many legeiuls to the contrarj'. There are some 2,000 
speeie.s tlesi, rihed and 46 of these are British. The order is 
divicleil intn twi) families and seven sub-families :— 


I'am. Anisopleridae. Front and hind win^ disainiilur. wings when 
III ri'isl hnrizotital, i-yt's not poiluiuiilated. 

Soil-fain. 1. Comphinae. Eyes wide apart, domphua brilliantly 
C'll'i’iriil : a priinitivi* tcroiip. 

Siib fnrn. Cordulegasterlnae. Eyes toiwliing »it one point only. 
<'''rdul ■ til-- inu»g"«* liuvo a regular “ In-at " when on the wing j 


tin- ii\iit(ihH Kurinw ill 

Soli fain. I{. Ao3chninae. Eyes in conta<‘t for some lUstance. A 
liirgi- vtroup fx'tli in site nnil iuiiniK>r. Anax ; Atnchiui : Epiaeachno. 

Sul f.iiu, 4. Cordullinao. Eves with a Uibt'rcle In'liind them. 

Snl) fain. o. LiboUullnae. No tubercle ba'liind oyos. Atidomen 
ofU*n prisnmtic in itohs wi-tion. I.ibtllula. 

Fani. 2. Xygopterldae. Wings alike, when at rest vertical, eyes 
pedunculated. Duinois«*Ue- ur Damm'l-liies. 

Sub-funi. 1. Calepteryglnae. Wings with at least 5 cross 
nerviiros l>etweon tim 1st and 2nd Itjiigitiidinal nerviiree. A 
primitive group. Cali>piirifx haunts woods. Hetaerina ; Palato- 
phUbia Japan, has C'alepterine wings and a CJomphine body ; Euphaea. 

Sub-fam. 2. Agrlonlnas. Wings with only 2 cross nervures 
between the 1st and 2nd longitudinal nerv’ures. Often small and 
very delicate insects. Agrion ; Ltatta ; Enallagma ; the tropical 
species Mteistogaater and Megalopreptta exceed in length of body ctnd 
stretch of wing all other insects. 
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Order 13. Thysanoptera * (Physopoda). 

STnall insects ; the mandibles are reduced to stylets and the mouth- 
parts are bent hack under the prothorax ; wings either four, long, 
narrow and fringed vnik hairs, or absent; tarsi of I or 2 seg¬ 
ments. Young resemble adults, but there is a pupal instar. 

The usually minute insects, known as Thrips, which, constitute 
this order, are as to their mouth parts somewhat intermediate 
between the preceding orders and the Heiniptera. As in the 
lost named order these appendages are folded back against the 
prothorax and tlic mandibles are reduced to piercing stylets or 
a single stylet—for the right mandible seems to be suppressed— 
concealed in a beak composed of the upper lip and maxillae. 
Both 1st and 2nd maxillae reUin their palps. The antennae 
are 6-9 segmented. Three ocelli are present in the winged 
species but absent in the apterous forms. The abdomen has 
ten segments with stigmata on the 2nd and 8th segments; the 
remaining two stigmata are ineso- and meta-thoracic. Four 
malpighian tubes are pre.sent. The larvae resemble in form the 
adults, and eat the same food. Wings begin to appear after 
the third moult, but tlie instar preceding the adult is usually 
motionless and takes no food. The feet have a curious 
bladder capable of being distended ; it protrudes between the 
two terminal claws. 

Thrip.s arc said to suck the juices of plants, and undoubtedly 
some, c.g. the (^rn-tlirips in Euroi>c and the Onion-thrips in 
America, do much damage ; other observers tliink they live 
on pollen, etc. They are usually found amongst the flowers of 
plants and are common in green-houses. Some live under bark, 
some amongst fungi and some cause the formation of vegetable 
galls which they inhabit. Parthenogenesis occurs. 

The order comprises some 136 species of which 117 are Euro- 
pciin and some 50 British, but a-s the insects are small many more 
probably remain to be described. It comprises throe families :— 

Pum. 1. Aeolothripldae. Antonnoo with 0 sogmonts ; furo-wiiigs 
with a fow mirvures ; an ovipOBiior of four procoHSOS ariBoa from the 
8th and Uth M'^tnonta of tho abdomon and whon oxtondod is bent 
backwurdM* Throe pairs of Btigmata. Aeohihrips. 

Fam. 2. Thrlpidae. This family agrees with the preceding in the 

* Uzol.^ Monog. d. Ordnung Thyitanopterc^ KdniggratZp 1696. Halliday^ 
Ent. Mag., iii, 1630. p. 439. and iv. 1837. p. 144. 
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number of ita stigmata and la ita wing nervures, but ita ovipoaitor is curved 
downwards and not backwards, and ita antennae have 8 segmenta. 
Thrip«, lAmoihript. 

These two families are sometimes known as the Terebrantia. 

Fam. 3. Phloeothripidaa. No wing nervures or at most one longitu* 
dinal one ; antennae with 8 segmenta ; body flat and last abdominal 
segment tubular. Phloiothrips; Anihoihripa. 

This family is sometimes Imown as the Tubulifera. 


Order 14. Hemiptera ♦ (Rhynchota). 

Mouth 'parts form a jointed beak or proboscis bent backwards 
under the thorax ; wings with rare excepticms four, the anterior pair 
either half homy and half membranous, in repose lying flat on 
the back {Heteroptera), or of the same consistency throughout 
and sloping over the abdomen {Homoptera). Little metamorphosis. 

A very variable and very large order, which includes bugs, 
plant-lice, scale-insects, etc. Some 20,000 species are already 
known, of which about two-thirds are Heteroptera. The mouth- 
parts are the truest mark of a Hemipteron, and their form is 
constant m the two great sub-orders Homoptera and Heteroptera, 
though these insects differ profoundly in otlier respects. The 
muuth-parts consist firstly of a tubular or rather grooved process 
formed from the labium ; this may consist of one, two, three or 
four segments and is. when at rest, bent back under the thorax. 
It IS devoid of palps and probably represents only the 2nd 
muxiUae. Tl.e proximal portion of the groove is covered by a 
tnangular labrum. but this does not extend far along the groove. 
If It be raised the remaining mouth parts can be seen lying in 
tlio groove. These consist of four chitinous setae capable of being 
protruded bl^yond tlie end of the groove, and they form the 
piercing organs of the insect. The outer stylets are usuaUy 

mondibles and t'l.e inner the 1st 
• w noli like the 2nd are without palps. This view 

drCdl “ ‘•y authorities. The stylets un- 

plants ascend tl.e tuhe perhaps hy capillarity or hy the action 
of a sucking pharynx (Fig. 375). 

The head varies greatly in shape and in sonre families is quite 

/sfe., 1892.' X Hi, %. 

AMcana. 1869. Edwards, H.ia.p,.,.. 
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monstrously swollen. Ocelli are often present. The antennae 
are small with 3-25 segments. The prothorax is large, in some 
cases monstrous, and free. The nieta- and meso-thorax are 
well developed. The tarsi usually have three segments. The 
abdomen usually consists of 9, 10, or 11 segments. Its margins 
are often produced into a kind of shelf which enhances the flat 
appearance of many bugs. In Coccidae the number of regments 
is reduced. There are 3 thoracic and 7 abdominal stigmata in 
the IhtcropUra. In many cases the female U provided with an 
ovipositor consisting of processes from the 8th and 9th segments. 

Salivary glands are present, and also, in some cases at least, 
a special organ or syringe for forcing out the secretion 
which almost certainly seta up the irritation which ensues on a 
bite. There is a fine oesophagus and a crop but no gizzard. The 
number of malpighian tubules is smaU, usually four • but the 
Coccidae have only one pair and the Aphidae none at all. The 
nerve ganglia are few, the infra-oesophageal may be widely 
separated from the supra-oesophageal ganglion and may even 
fuse with the thoracic nerve mass. 

Tho cliaracteristic odour of bugs b due to the secretions of 

certain stmk-glands which in the young open on to the upper 

surface of tho abdomen and in the adults open on each side of 
the meta*8tcrnum. 


In many of the larger forms of Hemiptera the young hatch 
out very like their parents, but minus the wings. ^In the 
Homoptera however there b a more or less marked meta- 
morphosis which reaches ita fullest development in the Coccidae 
Even m the Hetcroptera there b usually a considerable change 
colour and often of form between the young and old, and the 

^ofSn ab™p" i-t-r 

The order oa a whole b injurious to human activity A few 

destroy other harmful insects, but in tho opinion of a well bo 
authority “ if anvthinff w«r« * puiion ot a weU known 

Hemiptera. we ^^Tvl,Thill TlaTt T 

course of a few months.** ^ ^ ^ starved in tho 


ouo-ora«r I. HETEROPTERA 

W nol^ 

wup *30 Bntwh spociea of this sub-order. 
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Scries A. Gymnocerata. The- antennae are conspicuotiti and 
taeily moved. Tliis seires includes nil the torrostrinl Hotcroptem and the 
farailios Hebridae and Hydrometridac wliich seem to bo becoming mpuitic, 
as they frequent damp places or live on the surface of water. 

Fain. 1. Pentatomidae. Shield-bugs. Scutellum very largo, extend¬ 
ing over the anterior half of abdomen and sonictimoa further. Anteiin»\e 
usually 5 -segniented. Proboscis sheath 4-8cginented. This is tbe birgest 
family of the sub-order and includes some 4,000 species, chnracterr/A'd l>y 
great variety of fonn, brilliancy of colour and frequently by a di«tiu« tivo 
odour. Acanthoaoma, a Britisli form, sliows great m.iternal care f«»r its 
eggs, which in this family are usually laid in clusters. The Pcntatomi«U 
live largely on plant-juices and may, e.g. MuryniUia, pro\o pt'sts. Some 
however prey upon other insects, especially softer kitids. 

Fain. 2. Coreldae. Scutellum docs not rcni-htUe middle <<f abdomen. 
Proboscis-sheutli 4-Keginonted. Antennae usually long and 4-s«'gmonteil. 
Femora not knoblnsi. A largo and widely di.stiibuted family: usually 
BOti-coloured and at times with curii>UH *jutgrowths from tlio sides of the 
body and from the hind legs (Lcptoylnaaiut, Diaclor). Tlio memliers of 
this family live (->11 jdant-juices and nmy lie destructive, e.g. the squa-sh-bug 
triatU. PhiiHomorphn carries its eggs on its bark. 

Fam. ;i. Berytldae. Slender insects with the first segment of the 
antennae and the femora knobbed. A small family freejuenting plants. 
Jolysuji. 

Fam. 4. Lygaeldae. Separated from tlio Conudae by the upper surface 
of the hear! Nung arched and the insertion of the 4-Beginented antennae 
l>.'ing thrown vciitralwanls. Ocelli present. A largi' family of small, and 
as a rule inron.spicm>us, bugs. They suck the juices of plants and are 
often destructive, e.g. the chinch-hug Bliasua Uucoptema and the fatso 
chinch-bug ^'yaius augvsUitua. The former is said to cause on avorogo 
annual loss in the United Stotos of over £4,000,000. 

Fani. r>. Pyrrhocorldae. Tlio insects of this family closely resemble 
the Lygiwidet' but have no ocelli. Pyrrhocoria apterua, a British form, is 
a good <‘Xinii(>lc of (he diiTuirphi.srn of the wings common in this and the 
proceding faniily. Dyndtrcua auturellua is the Cotton-staiiicr of the 
Southern States. 

Kani U. Tiiigidao. Two tarsal aegment.s, the preceding families having 
three. There is a curious net-Hke reticulation of the elytra and upper 
unriiico of Ijod '.. .\ntennao knobbed. Front coxae extending to posterior 
end of tliurax. A reHtri<-ted family known os Laco-bugs; they are small 
.Liid plant feetters, and survive the winter in the imago iiistar. Copium, 
ti'argnphia, (‘^ry/hnea. 

Fam. 7. Aradidao. Flat and broad, scutellum pronounced. Abdo¬ 
men project.s I ey<uid fi>ldo<i wings. Front co.xae arise midwoy along 
prostemuni. Small bizarre Vnigs living under bark and sucking the juices 
of fungi. ArarfiM. Se^irocttnua. 

Fam. 8. Hebridae. Minute ; the under surface of the abdomen beors 
a velvety pile of short, hairs. Antennae o-segmented. 8omi-aquatic, 
frequenting bog-moss, pond weeds and other damp planta. Hebrua, the 
only genus. 

Fam. 9. Hydrotostrldas. Antennae 4-8eginented, coxae widely 
separated, legs often very long. ^Vingle^v‘I. or with elytra of one consistency. 
Pubescence velvet-like ventrally. The members of this family, often 
called Pondskators orWater-striders, live on the surface of water and feed 
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on iiquntic nninmls aiul fioutiiii; Uehri^. Asuriile the le^ arc lon^, lujt 
Mr^orclia, Itritish, the l.vial hup?. Hydroirutra, als>o Britisli, 

walks on tho siirfucr-liliii holUing its InxJy 4 iIk>vc the wtitor. It is easily 
drowned. Vclitt, Hritish, prefers nipiiily running water. Tlje wingless 
Ilalohatej! with s«>iito liftcen H|tc<-ioy is one of the very few genera of insects 
found in the open ois^un. muujovelia is also murine but found nearer the 
slioro in the (/ulf of Mexico. Tho eggs uro usually laid on water plants. 

Frtin. 10. Henicocephalidae. Tho hctul is enlarged beliind the eyes. 
Ri>strum very short. Klytra <-ntire|y membranous and well veined. 

I<n>nt legs swollen. Only one gniiis Utnicoccpludua, widely distributed, 
with IV dozen S|K.'eies. 

Fain. 11. Phymatidae. AnU riur legs short and thick and often devoid 
of tarsi. Strong proilatory bugK. PhynuUa frequents daisies and other 
flowei-s With whii-h its rolour hariuonizos, and it preys upon visiting insects. 

In Homo forms tho tibia makes with tho femur a very efficient form of 
nip|H;r <»r grusping claw. 

Futii. I J. Reduvlidae. Short rostrum, in ropos^ lying free from head and 

loo^H'd. I\,yc8 large, ocelli 


behind eyvH. Elytra when 
presiuit in threo portions. 

Jlea«l very movahlo. Tarsi \ ff 

U-wgiiK-nfcil. A largo and '^*'*^^****CV Jm /i 

iiiiporiiiiit fiviiiily *>f over Mf 

2,OOOH|>"eicH,lurgely tropi- -r 

cal. 'J’lmy lire preclivdaaiH, 

living on otiier iciseet.s, ^ 1 

mul arc very varied in jj T!jR»y^^~V 

Khape and {-olour. Ucdu- I j^SSKl 'tt 

vinA, Itrili.sh, preys on ^ 

l>ecl-bugs and Ciarkroaches. ii 

t^abin, Ih'itiHh, miinicH an W ^ 

aut in iiM younger stages. % jj 

Conorhinna. MitanotcaUa \ if 

uiid yki^a/iMsaro known to \ jf 

bito ntun i,, AiTieriea, \ A J/ 

somotimes with st^rious J ^ 

cfTectx, Tho eggs of the ^ \ 

Heduviiil.vo an* usually ' 

very characUTislic and li > ' .^\ 

«)I>erculuted. 'J'lio family \ 

is mtid to 1 m) free from \ 

Fain. 13. AUpophllldae. if ' 

Sinull, with short head and 

«lytrtt. but no hif^d^winii! „ 

PJ^l. eyes eloeo to thorax. Prolonged in front, ocelli 

u, found on tho stony mar^ Tr f? l>agB. 
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the abdomen exposed. No ocelli. Rostrum lies in a groove. A small 
but widely distributed family with some 12 species, but notorious as 
it includes the bed-bug Cimex ItcUihrius, a long-lived and prolific insect 
confined to the dwellings of man. Other species infest birds and bats, 
e.g. Creciocus hirundinis common in swallows* nests. 

Fain. 16. Antfaocorldae, Small. Head projecting, in frcjnt, well in 
odvanceof the origin of the antennae. Eyes near thorax, ocelli and elytra 
usually present. Ro.strum free. Plant- and troe-haunting bugs, 
said to feed on other insects. Fairly niiinerous both in species and in¬ 
dividuals. Triphleps eats plant-lice. 

Fam. 17. Polyctenldae. Elytra short and undivided. Pruboacis sheath 
3-, tarsi 4-, and Qnteana3 4-, seginontc^d. A small family of three or four 
s{>ocio9 parasitic on bats. PohjeUne^. 

Fum. 18. Capsldae. Fair-si zed, usually slender. Elytra and wings 
large. No ocelli. Antennae 4-Si'gmented, the two distal sogincuits slender. 
Tarsi 3'Segmented. S^utellunt visible. Ovipeisitor A large 

family with over l.OOd descril>ed sp<Mit*s, nearly 'JOM British. They haunt 
plants and are at times ilestructive, though some devour other insects, 
o.g. (\imptobrorhis. Onco>jnathiui i.s fouiid amongst timothy grass, FuliHus 
on li* hcn.H, Lygic^ causes the ** buttoning of strawborrios, Foeciheapsus 
fivicks the sap of currarits and goosel)Orrics. 

Faro. Ih. Saldidae. Eyo^ large, ocelli between them. Rostrum free. 

large. El\’tra of three parts, covering 
abdomen. 'J'arsi 3-segniented. Three genera with 
nhiuit loO species compose this fanoly. The 
Saldidnc are small, oval, convex laigs which fra- 
ipiont damp places, wet moss, the sea shore and 
^aU-niar-j|iHS. They rufi, and soiiie jump, acti\’ely» 
as is c\prcjis**<l in llio name of one genus IV/o- 
• *.//» </a. till' i.bi‘*f genu.s is British. 

Si-iios B C r y p t 0 c e r a t a. Aqunfic bugs leith 
f}<* tifti' unite tiidiif'n oti f/te loa/rr sidr of the htad ot 
*\'UCKn}*d /*;i fj f/rivu'C. 

:.*H Galgulidae.^ Sliort stumpy bugs with 
' %'ry br^nd Ic'ads. K\cs largi . ()i>*lli present. 
Mu; 1 l'»ng. rimiiiiut. A sm^ill family of Borne 

Jo ii H uhirli bi\'t' tl>c damp margins of streams 
and p-iiiiU. Hrifi.^li species. Prlogonus. OqI‘ 

ndu." 



jul • M 'O » litis ‘ *1 1 
eyioit h;d . . 

insrets f<illlo'_* 
and Hat (» 


l aro t.M. Nepldae. Vnr-Minr legs arise from 
fi'-M . of piodt<‘riium and jire raptorial. Ab- 
■g Ilin h i ' ll r.-npiralory tubi* composed of two semi- 
fn.-i I l*lu' uater .si'orpions are large 

i .i, slcnil'T ^ind tv ig-like (Fig. 438) 

f an I l» \i itk.- ildg-i. .|:(7, 37o). Both luw'C Britiah 

» v\aii r-[•laiits,l><'ar |X‘rohar lilamenta. 


reprets'iital 1 v*‘H il.r luid 

Fam. J2. Naucorldas. N** mphTial Ifgs. ur ocelli or ri'spiratory 
tube. .Anterior uitii ‘mI it ^i.Ta io'-rtfi d at or near the front of 

the proatenunn. Ao(« ia,aM I - co mtid. t)sal, swimming bugs with 
some I line genera anil thirty ?*}>« ritn. Xtiuaprin and A pheloch^intd are 
Rritish, Pr/orcri^ fccdH un hind iii.‘^*4‘t.s M l»i< h fall into the water. 


• Soinetinicd termed Pelogoniduc* 
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Fam. 23. Belostomldae* No 
ocoUi or refipiratorj' tube. An* 
tenor legs inserted near anterior 
edge of proRternum. Hind-logs 
flattened with swiinnung hairs. 
Tills family includes the largest 
hugs and some of the longest of 
insects. itvlontonux rneiisiiros 
four and a half inches. They 
are purely aquatic. The front 
legs are adapted for holding 
their proy« and tlicy are said to 
l!>o very destructive to your.g 
fisli and frogs. />/ 7 )/o«i/cAusand 
Zaitha r*arry their eggs on the 
bieksof the apparently unwill¬ 
ing male. 

Fain. 24. Notonectldae* Pro- 
sternuni short so that the an¬ 
terior Jogs cinorgo from near 
each nmrgiti. Pronotum over¬ 
laps head. Antennae 4-seg‘ 
mented. ScuMlum large. The 
niembcrs of this fiunily^ some- 
times called “ water-boatmen 
or book-swiiniricps/' swim on 
their hack, which is very con¬ 
vex. They prey on insi'cts and 
fish. l1ioy hibernate in mud 
and lay their eggs on water 
plants. Noiont^'ia and FUa 
have British s(H»cies. 

Fam. 25. Corlxldae. Head 
broad, free from pronotum, and 
very movable. Prostern urn 
short. Common water-bugs, 
flattened vontrally and swim¬ 



ming the right w*ay up. Corixa 
ond jS*tgara are British. Tho 


former is so abundant in Mexico, that it is mode with meal into cakes and 
forms a popular article of diet, and is exported to Europe as food for 
garno-birds, etc. 


Sub-order 2. HOMOPTERA. 

The xinnge aU lie upon the body in a roof-like manner and the front- 
winys are usually of one consistency. The front of the head is btni over 
so as to touch the coxae. 

Fam, 1. Clcadldae. Three ocelli, )>etweon the eyes. Antennae with 
short basal seginunt bearing a 6-Bogmonted filament. Anterior femora 
thickened and toothed. A group of large and mostly tropical insects 
(Fig. 439). 'fhe wings nro usually transparent with many nervures, but 
are soinotimcs pigmented. Cicadas ore often long-lived, but almost tho 
whole of tho life is passod iu tho larva] stage underground. In tho case 
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Fio. 43t>. - CVcarfo orHi (aficr rnf-kanH. « !ar>ft ; 6 tniim ; <r nial*-: 

T\f (triiiuluUiiff ApIMr.itu^. 


of Cicada Mp- 
tcmdecim fcho 
larva lives for 
frora 13-17 

years according 
to the tonipera* 
tnro and is ro- 
givnlc<l by some 
ant h<ii itios ii s 
\Try dostructixo 
to rimtH. Its 
ant^'fior li*;rs arc 
til (I d i (i o il far 
di^giii^ through 
I hr i'art II, tho 
a ri t o II luvr art' 
U rll 4le\i*lo|M«i|, 
t)ir ^kia thill 
a a d w h i t o 


(Fig. 44^0' Tlio piiprt shorter and nion* roin|iart. It rrawls out of tho 
groimci, ehusps n plant uith its prurrfnl fon' li'jjs, splits tdoiig its bark and 
the iiiiuL!'* .«t 4 ‘ps out. 'rhe feiiialo lays her eggs by invaiis of an uviposilnr 
ill lit Ik c‘lits in twigs wtiirh uru somctiuios broken by their uiUhlioiiiil 





Fio. 4*0.—OVaJa N »rtti ,after lUlry). A tarvs ; nymph ; C n)'mph 

flktn &ft«r cnuTi{enc« of the lina^o /); £; eccliMii of t>^ig with eerlea of ; F two rggi 
niAgDiflcd. 

weight* Tho choracU ristic and at times overpowering song is produced 
by a special apparatus on the nietathiTiU'io and anterior alHlominal seg¬ 
ments. TffntpafioterfHS Is said to rival a steam oiigino. 

Fam. 2, Fulgorldas. Antennoo 3*8ogmented» tho terminal one a 
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hair, inserted beneatli eyes. Ocelli usually two. Heml somotimea pro¬ 
duced into an en<»rmous swelling. Tliurax not enlarged. A large and 
varied family including the su-.-nllo<l T.ant-crn-meb with their curiously 
enlarged heatis. Many oxcruto a floceulent wax c.g. C\x\us Brilisli an^J 
Phtnax. Jtyraca ormeni'^ ixnA Pw/uizm n-se.nhlo I>epid..pt. ra. Clilirorhr xi 
attacks beetroots. iSVoiop’, Htliornjilcra, Otuiccrun. 

Fum :i. Membracidae. liiiy>rro looking insci ts \Mti» the pn thonix 
enlarged and pr..jceling l.o.-kwanl^. Antennae ihR.-rte<l in front of e.\es. 
Two <Melli hetweon eyes. A iiunu nuis ai..l largely tropual family whoso 
curu.us pionolal ino< es.se.s cau.se tlu in in many cases to resombk parts <.f 



plants KvchfMfHi Invars a (horn like projeetioii. frequents 

Virginm ( ivepors. F.niilin the leaves of Sun-flowers, ('.rrsn injures orclmr.is 

by it« mo<lo of ovipoHitiuiu 

Kiun 4 Cercopldae. Antonnm- iiu^crtnl botwt^n eyes. Iwo owih. 
No pronotui projections. Seutelluin rhoiuhoi.UI. Tl.is family includes 
the Cuckoo- or Frog-spits. tho lato larval stages prodming fioiu their 
rectum a foamy fluid in whi.-h tho> lie conrer.lcd. Tho adults arc- U'rmcl 
Frog'hopp<Ts and they jump aitivcly. PhUntrv.a is the commonest 
British genus. PturUm u Mudagafiour genus produces sci much fluid tliat 
live or six <inM u larxoo will exeretc a quart in an hour and a half. 

Fum.5. Jassidae. Ocelli twoon the front marginof the head. Posterior 
tibioo spiny. Kcutcllum triangular. Small or iiiimilo insect.s, usually 
slender 'I’hey friujuent low-gro\vii>g herbage, and ui-o said to injure 
pasture eg Ddtorfphalua. /iVyi/.rom »ra fre<iuents vine.i, Ayafia lives 
amongst g.vrdon produeo. Tho eggs ar.- often laid in grasses. 


The preceding fumilies of HomopU ru havo H-scgmenteil turei. tho suc- 
exiorling ones havo tliom ‘i-segmented. except tho Cocrulac which havo 
but one tarsal segment. 

Fum. 0. Psyllldae. Minute insceU with transparent wings. Antomuie 
long, 8- to lO-wgiueiiled. 'I’lireo ocelli. A lurg© family of small form.s 
about tlin siw- of plurit-lico but in Hlaqs) inoro like C^eadoH. Tliey frequent 
planU and jump actively (Fig. They pass through larval and 

nymph stages which are rnarkcil by chango of colour and form. In tho 
n%'niph the large wing-pads stand out horizontally from tho sides of tho 
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body. Paylla 
secretes “ honey- 
dew’' in such 
quantities that it 
has given rise to 
the legends of 
weeping trees. 
Some spooieB form 
galls, e.g. Pachy- 
psyHa. 

Funi. 7. Aphldae. 
Alinute insects. No 
ocelli. When pres¬ 
ent the four pair of 
wings are transpar¬ 
ent. Antennae 3- 
to 7‘80gmented. 
Frequently a pair 
of processes is borne 
on the dorsal aur- 
foce of the 5th ab¬ 
dominal segment. 
Plant-lice abound 
both in species and 
individuals. They 
are soft bodied and 
often coated with a 
waxy ‘‘bloom" 

cortom gUn.Jri (Fig. 443). The young differ but little from the paron^ti^ 
All through t)ie amnrner the females reproduce porthenogenetically 
ai.d vunp,uoualy. and as their young are all females and are capable of 


Fn, ijy P,yi4j x 15. Europe (after llrcRor 


f ri»Mi . .1 lars A bcforti flfbt rn<>ult 

njoult ; C'aJult. 


I? kirva a(tor third 




the fflaoda open ; 6 thrunWHu U A pmiumcnces on which 

C/oliheskiQ. ^ glftuds heoeath the cuticu^ar faceta 


producing offspring 
Sooner or later and 


in a few dayn, plant “lice multiply exceedingly, 
generally towards the autumn, the plant-lice pro- 
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a 



t b 



FlO ^^4 -Phuih'i'Ti a wint:l'-»s l 

8ftii Jf-in till- «>na . 6 Iroiii lla- viiitrul Kurljo.-. 


ducc males as well as females, and then pair. The female gives rise to 
a fertilized egg which survives the winter and in the spring a partheno- 
genetic female emerges from this. The relation of the winged to the wing¬ 
less forms is ol>scure. As 
a rule many wingless genera¬ 
tions succeed ono another 
and then a generation of 
winged females suddenly 
ap]>oars uml undoubtedly 
aids in the dispersal of the 
sj>o(:ies. The curious ab¬ 
dominal processes arc said 
to open into the body 
cavity. They excreto a 
waxy flui<l. The honey- 
dew (so prized by ants, 
w*)io in some cases have 
domesticated certain sjwcios 
of Apbidos) comes fromtlic 
alinumtury canal. Soino 
genera c.g. Pemphigus, 

Cliermts (p. G40^ Schizon- 
cura produce galls. Phoro- 

don includes the Hop plant Uajs<s AVcMro/Jiora the green |H a phuit lousr. 
Dreponosiphum the maple plaint louse. .lp/«i.s is perhaps the best known 

Phylloxera vasUitrix * is the well known enemy to v mes and alTordd 
a good example of the complii riled life luMory present, d by the Aphi- 
dao. Tlio wingless root-dwelling forms - ru</no/<i' arc Uniuii with 
their proboscis firmly lixeri in the tissiie.s of the ytuing loots. 
move about, but. lay liUle cla.ups of to fo.ty j art 

which give riBO in wi.x to Iwi-lvo .lays, arcording to tla- tcn»|» r.ituro. t.> 
young larvoo. Tla-so moult onco or tauc. fro4 |> about a bttl.'. aial then 
fix thoms<dves by their probox'ts and lay part henog« tiei n i gg^ i 
mother. In thi« way many ugami- g.-,..Tati..nH «u<re.d mto 
and the rato of imreaso is ho grout ibal it luat been < ah .tlatcd that ho 
<leBc<.ndanU of a single inBect wbicl. Iui<l i.n eggs a. Mar. h would mtutU-i 
twenty-fivo rciillioriH by October. 

Ah autumn eo.neB on Homo of tl.e egg-- Kiv »;> ‘“^vae ^Inch are 

provided wi'h the n.diments of wing- ; before tbe.r unt ehange uf nUm 
they creep above groun.l, and .b.ai ut ll.o f.n.il moult a winged ftanalo 
emergoB and flioB away. This form nerves to spretd the vme d.Be.i»o from 
one district to another. It i-. also parlheuogenet.e. but lays two kmda of 
eggs From the larger of these a female hatehc.s out. whiUl the 
Binailer prod.icr*H in «-ight or ten d.iyB a male. Tbiu ib the first and only 
app«-aranc 4 . of tluH sex in the bfe-l-istory of the Phylloxera. The male iB 
devoid of mouth and alimei.t.iry eanul; it fertiliz4?H tho female, which soon 
afU.r laya a Hingle fertilized egg. tho Bo-culled “ winU'r egg.” This is de- 
pobiU'd in Homo crevice or . rack in the bark of tho vino. In the Bpriiig a 
’* HUick-rnother ” hatche» out of tbi» egg and mukoa her way to the young 
budB of the vine, and inserta her proboBcU into tho upper Hurfoc© of a 
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leaf. The irritation thus set up causes tho formation of a hollow gall on 
the tinder surface of tho leaf, which opens to tho exterior on the npi>er 
surface. The stock-mother lay.s oggs, and her offspring— {inllicolac —give 
rise to now galls, but ultimately some of them dc-si^end to tho ground, 
burrow beneath it and attach thomaolves to tho mots, and tlius become 
rodicolae. 

The complicated lifo-historj' of this form may Ik? oxpro.ssod by the 
following table 

Koot-infesting form 9 (nuliculu) 

I 

Root’infesting forn), *2nd gemomtion. 

I 

Root-infesting form, Jlrd genemlion. etc. 

I 

Winged form 9 . 

i 



L*irgc egg 

I 

Wingless femalo 


Wilder egg 

I 

Stock-mother 

I 

Gcill’proillining form 9 (gnl!i<!ola) 

I 

Gull-producing form y. 2nd generation, etc. 

! 

Root-ififesl ing form 9 (rmlicola). 

Frtm. Aleurodidae* Minute. Four whito, iiiru!\‘ wings. Ant<^nnae 
7<>ogiiiont<*d, tho Sf'<*c*]Ki sogniont long. Those smull inserts an* usuiUly 
found on the un<ler surface of 1 aves. Tlie two sexes iiru ehniit equally 
tlovrlopeii and both are winpod. There nro two goncru Alvurviles and 

Aictiroi/uscus with SQino I5U species. 
AlcufOiifji hr<iaf^icae is coiamon on cab- 
boges in Britain. 

Finn. 9. Coccidae* Tlio eggs give 
rhv tu lnrvae> \\)>ich in tlu>8ti cases 
tlwit have boon investigated,ore alike; 
but lutrr drvelopnu*iit is quitt^ differ¬ 
ent in the two soxes. The male 
pfts.c‘s through pupal staged, and 
final)}* eincrgcjs as a minute insect with 
only one pair of wings, mail <rerci, and 
with the mouth atrophied. Tho female 
becomes very much larger thmi the 
mule, and nc\'er acquii^s wings; the 
antennae and logs usually degenerate, 
thv latter sometimes disappearing en- 

no. ■MS.-cocew Cicti. a fouuie; are present in the 

ft aula (after BonDeieter). oault females, which are vary fre* 
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quonily etatioimry on their food plants, and covered by scales of vari- 
ouK forms, composed of cast skins, secretions, etc. 

As a rule S<-uIe-iusccts aro aeon in the form of theao scales attached 
to fn.it. leaves or hark. Under the scale the female lives and lays her egge. 
Some species form no sralc and arc then usually coated with a waxy efflor* 
os. ei ce. and are termed “ mt-.ily-bugs." The females are very prolific and 
partlicnopenesia exists but not to the extent formerly thought when the 
males were le.sH well know n. Many (.f the products of scale-insects have a 
commercial\aluc. CeropUti^teacfrileru^ 'in India and Eaccrua pe/a in China 
prodtico white wax, Carieria lacctt forma lac. Kfr^'kCn atid Porphyropfiora 
afford a red dye. niid C^kcus cacti (Fig- 445) is t’..- well-known cocliineal 
iiiscirt. On the other hnml mat>y are injiirioua to plarits: some render 
the leaNc.s sticky by copious seen tiotis of honoy-dew. Mytilaspis forms 
the “oysUT slK-li ” sc aloon orchard trees. Aspidiotua attacks oranges, and 
there are many oth<'r.s which iiifcsl fruil-trers, etc. 


Gnjttp IV. ENDOPTERYGOTA. 

Tfic H'inijs arise, htj iniyujinations of the hyiwdtrmis. and for 
somclhne. runnin lurk-rd in the body. Cornjdde metamorphosis. 


Older ir>. Neuroptkiia.* 

Carnivorous inserts with bitimj mouth parts ; four membranous 
win^s with many cro.ss-mrvures; ankunae larye. Complete 
metamorphosis with as a rule an cruciform farra. 

TIjc Order Neuroptera has been much diniinUlied in reccutt 
years by the recognition of the ordinal value of many of the 
futnilies which at one time vveie imhided in it. Some si>ccies 
have a.juatic larvae, hut the majority are terrertiial. On the 
whole the Order is a beneficent one a.*^ far as man is concerned 
inasmuch ns its members eschew plants and many of them 
devour injurious insects. The Order is divided into nine 

familie.Kf :— 

Fan. 1 Slalldae. A aquariali hea<l hearing long nntoiinac. Four 
winvM whi« h when at real are unfolded and moot at au angle. Fairly 
rmincro.iH ....rvuroa break up tho wings into many irregular colls. The larva 
has iK.werful inandil.los and tho pupa is quiescent. Tho Aldor-flies com- 
priftc) but five genora. Thoy haunt tho trees and shrubs along tho bai.lui 
of htreaiiiB £>iaii* luUtria is u favourito fiy with fishormon and is one of 
tho commonest insocU in Uriluin. Tho eggs aro laid ia mas.'^eb of two or 
tlu-oo thousand on rushes, grass-stems, oto. Tho larvao luive a pfdr of 

Dufour Anm^ci. Nat. (3), ix.Zool., 184H. p. 01. Loow, Linrmea Eniomo- 
logica, iii. 184S. Hogon. SUUxn Ent. Ztil.. xxvii. IbOO. and P. Itoaton 

Hoc.. XV, 1873, p. ii03. . , . » .u m • 

t Tho Neuroptors as hero restricted are oquivalent to the 1 loaiponnia 

mtnxss tho Pemorpidae (Moccipiora) 
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jointed branchial filamenta on each segment of the abdomen, which ends 
in a median unsogmented style. Tlie pupa is quiescent and the imago 
lives but for a few days. Corydalis and Ckautiodca are giant forms and 
the former often has the mandibles of the male enormously enlarged. 

\\ itl) cxcriition of a few 
South Anii.Ticon forms tlie 
family is confined to the 
Nfirllicrn Honiisphero. 

Vain. 2. Raphidiidae. 
The posU'rior part of the 
hoiui and Hio pro-tliorax 
arc and nar¬ 

rowed, pruduf'ing t!ie ap- 
po4trani*e of a long noi'k. 
T})c h iimlo inus a long 
ovipositor. Tiio SiiaUe- 
nies aro con fi noil to 
Europe, Atiiix ami North 
Aniorica. Tlio lor\'ae arc 
rarni\’ornus and prej* 
upon insects froquoiilirig 
tho old and rotten wood 
in which tlu^y live, Tho 
pupa, whii*h in appearance 
is inid-wnv a larva 

ftnd an iraag... becomes active before it givesexit to the bitter. Tbere are 
but two genera, Rapkidia and Inoccfha with a fair niimt)or of species. 



Fl'> 4^0 —TJiP ,Udcr-ny, .Sin/i. IJntnln. .1 

wJngs expanjod ; 2< Iq pronio. From Sharp. 


with 


In I ho remaining families, tho niandihles and maxillae aro characteristi¬ 
cally coadaptod in the larva to form piercing ond sucking orgima. 




Fii). 447, ^lyririf^Mn ^ormtoiHu# ; 6 Ita tfirrs. 


A Antennae ahort and clubbed. The nerx-ures 

t Maxillary palp 

'tK . r'^ 3-“Kmented. Noeturnol insecU. whoso 

^ wh^ T r are laid in sand. 

^nL? • theniselves at tho botton,. seize aJ^d devour any 

T i arrangement of thoir le^ 

^aartetes a retrograde motion, and enables them also to throw sand upon 

Tki pi* The proy is grasped in the 

stout mandibles ; these have grooves in which thomaxiUaepIay to and fro. 
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The oral orifico is closed, \ / 

but the gToov'OS coimnuni* \ / 

cate with the alimentary \ / 

canal, into which they con- i \\// 

voy the juices the victims. 

The stages lK‘twoen larva 

and imago are passed in 

cocoons made of sand and £\ H 

silk. There are no British / ^ \ \ 

n'presontulivcs, but several M ^ 

HjK'cics of M\)TTf\,tl^on (Fig. ff ^ \ 

*147) live on Iho Continent. 

Oilier forms, e.g. Dcrutrolton, g \ 

hunt their prt^y on foot. g \ 

PalpateB and TomaivrtB are g \ 

Fain. 4. Asespballdae* ^ 

Antennae long and clubbed. M 

TIjo upieal colls of the wing m 

are irregular. These insects ^ ^ 

hawk through the air like /w 

Dragon-flies, which they ^ ^ 

somewhat resemble, especi- ^U€wu>^Ufa Udereri. Asls UJaor (afur 

allv in the broad base to their Sdy«». A tho JinaRc ; B lu head loen from Ld front 

, . u * 4 i ^ and magiUQed. Krom Sharp, 

posterior wings, but tho an- * 

U'niian serve to distinguish 

them at once. Tho eggs arc laid on blades of grass, to wluch tho images 
cling in dull weather. Tho carnivorous larvae have enormous inan- 

Et diblos and hunt their prey 

under stones and leaves. A 
cocoon is formed. Some 
thirty genera are recognized 
which mostly live in wixrm 
climates. Atta^laphus is found 
as far north as Paris. //r/i- 
comituB in Ceylon, Ulula oo 
St. Vincent Island. 

Fam. 6. Nemopterldaa. 
Hood produced into u beak. 
Antennae long, but not 
clubbed. Hind wings much 
longer and narrower than 
fore-winrre. iwico aa lana as 











Vto 44 e.^i Isrvs ot l# 0 iUi#ps Wvriseo sfUr hsieblng. 
6ths ssme bslore th«*pup«l itsft (sfUr F. firsu«r). 
t MBntitpM 


body. A small group of 
bomo thirty ef>ocie8 of deli¬ 
cate Insects not occurring 
north of tho Mediterranean 
basin. The larva has an 
extraordinarily long nock: 
that of one apocios, probably 
a NemopUra (Fig. 448), lives 
in tho sand in the tombs 
and pyramids of Egypt. 
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Fam. 6. Mantlspldae* Tr ^thorax very long and bearing a pair of 
raptorial legs at iU anterior extremity. Tlie four wings are «ub-equal m 
size with numerous nerxnin 8. They servo at once to distingiiiah this 
family from the Mantidae. with which they have a superficial rosomblanco 
chiefly owing to their raptorial front legs. Ttie untoiinoe are nhurt. not 
clubbed. The eggs arc numerous and stalked; in yiarUispa atyriac/i they 
an» laid on stalks or stems. The larvae appear in the autumn and hiber¬ 
nate till the spring, when they make their way into the egc-bags of certain 
(Lyroaa) ; hc'ro they feed on the eggs and young spiders, then cast 
their skins and turn into inert larvae, \vhi‘ h spin cocoons inside the spider s 
egg-trases. After a }><*riod of quicsevnee u nymph makes its way to tho 
outer world and soon gives origin to the imago (Fig. 449). A Sout!^ 
AnH'ri'^an species Symphra^^is mnVi makes its home in tho nests of a Sj^cies 
of A few species are fi>iind in South Europe but tho majority 

prof«*r a warmer climate. 

Fill IK 7. Hemeroblldae. \\'ings at rest folded in a roof dike way over 

tlie Ixuly. Anton- 
nao long, nionili- 
form or pectinated^ 
not rlubhod. This 
family is divided 
into several small 
groups abi'Ut the 
value and lifo-his- 
torv c»f whii h there 
is much uncer¬ 
tainty 0 smylua 
•. h ry s'opa , Bri tish, 

1: a Dr mt -aq uatic 

larva which hides 
under stones or 
stems at the water 
edge: it sucks the 
Juirrrs of other insects and Hpins a cocoon entrusted with S4\ud, the silk 
conung from the pf>Htcrior end of tho intestine which in tho larva is cut 
'•'ff fniru tho chylifir vontriole. iWc(ra luw in the male no posterior 
v uiu'A Td “ lar\a of Siayra lives in tho fresh water sponge Ej^hydatia 
The larvae ofdevour plant'lice, and th'>so of some 
rover llieir l»od,ics with Iht* nnpticd skins of tlieir victims. Drt^ 
rp/,‘, '.sith one Pritu^h spe< ies. in ''rmarkably moth-like and has on 
apparatuM fur holding together its hiful and foro-wings tw in some rootlvs. 

ham. 8. Chrysopidae. Long, ftctifonn ant vnniu*, not rooiiiliform. 
This family inrUulos wliat S4»me writ<‘Tv <*an the “ lare-\ving flics/* whilst 
others cull them “ gi'ldon-eye flies/* applying tlic term lac^-wing to 
the Hemerobiidae. They are d«‘Iicat<*, elongate insen'ts wntli a inetellic 
flhocn on the living eye. Lac'owings aro common and iherv are some 
fifteen Pritisli species. Tht'y lay peculiar stalked Cfnrs on stems. The 
lar\'Qe eat plant-li^x' and other insects. Thoso of some species clothe 
themselves in tho stunH of their victims, which aro fastened on by niinute 
hooked haiTB. Green algae and lichen are attuohexi to the body by tho 
same means. Chryao^pa is a common British genus (Fig. 460). The imago 
has a very unpleasant smell and the group is sometimes called “ stink flies.*' 
Fam. 0. Coolopterygldae. Minute. Few* crvss-ner\ures onthowings^ 




UEUROPTEBA. MECATTEBA. 


ro5 


which with the rest of the bojj, are Bn.all. 

aro ti.o ..aallct o, h,o >-'- 7 ^*“" lonj .nany li.ncs loa^;er than the body^ 
and rhe anWimao oiU i y „ Pine-trees and sucks out 

The larva of a epecie, of 

the canton^ of the O c,- J; . 4 ,,„r„„.a Uves on 

Like Iho Homerob i'ki t>' > 
nmplos. CorinpUryx *s BiitisU- 


Order K*. Mecaptcra (Pakorpidae).* 

Hend hearing a aTsUn.ier ; wings 

tnuUgs ajxd pro-legs. PanorpiePu-, 

.,“r:;=or-c n “ 

clypeub and the mandi .les are 
borne at its extrcnut>. T \o 
abdomen is long ''■'hi* 
distinct segments. In I anorpa 
i can be rcfler.led over the 
back in the mule, and gives 
the Order the name of Scot- 




FlO. 481.—er'mmun^f. 

Hat. tUo. 


y,„ ... 


■'”■ , u n nehora : Pahor b.t, “■»* 

pion-flica. There are hom and the fintt two 

BiUacus are European and N earth, and the 

are British. The eggs seem to u resemble the young 

larvae which appear m ubou ...... niaxillac with 

of Saw-flies. They have bit mg man • , fi^Ht eight 

three pairs of thoracic legs an a jia nnuith, then 

abdominal segments. The larvae arc uet.^o !o 

•• 1H41 M’Lachlan, t.nt. Jaon. 

• Dufour, Mem. Ao. Sci. itraruj.. vu. 1841. 

Mag., 1804. ?• 7. 

z —in 
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torpid. After some weeks they change .into motionless pupae 
with free limbs. Boreus is devoid of pro-legs in the larval 
stage, and of wings in the adult. Bittacua resembles a Daddy- 
long-legs and has very long limbs. 

Fam. 1. PsDorpidae. With the characters of tho Order. Panorva, 
BiUacut, Boreut. 


Order 17. Trichoptbra.* 


Body and whigs covered with fine hairs ; the. latter with few 
nervures arising from one another at very acute angles; hind-wings 
larger than fore-wings with a well marked anal area ; antennae 
thread-like; mandibles abseiU. Larvae caterpillar-like; they 
usuaihj constrvot a case to live in. Papa like an immature 
imago and active just before the la t eaiysis. 

The Caddis-flies have their two pairs of maxillae united to 
form u sucking tube. The ineso-tliorax is bulky: the large 
coxae of the anterior legs arise close together. There are nine 
distinct abdominal segments and the last bears a pair of pincers 

in tlie male. Tlio moth¬ 
like images arc weak on 
tho wing and haunt tho 
shady margins of the 
streams from wliicli they 
emerge. Mandibles, 
though absent or obsolete 
in the imago, are present 
in the pupae as well as 
the larvae. The eggs are 
Fia. 4:>3, thrutiifufo loitl, ill jolly-like clumps 



wAiu.r 'VI . , ^ ‘ ® hundred or so, m the 

well k. '“■•'•ae at once sot about building tlie 

tbo hta r'‘ 'vhiol, they protrude only 

bod^so "" :■ “ '“-ka at the end of iZ 

b” ir " a r “ ‘‘‘ Tl.e larvae b^the 

by abdomma tr^heal gills ; they live many month, and in some 

r«m ’"Sely vegetarians but 

at times eat otl.er insects. During ,bo period of pupation the 

• McLachlan, Tr. Snt. Soc. Lomlon ( 3 ) v isrts « i i# i. • 

Bsv%9%on of Ou Suropoan TrichopUra lU-i-HO ^ t ’ Mono^phtc 

its. p. 285, 1893. ^ io7*-80. Lucas, .t4rcA. yaturg. 
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mf 


Firt. l-nr'A «*f 

gtiitea /tiitcsi (afUT F^U‘lf 

A KrH^i>insc Uoi^kB ; t trn- 
chf&l (nils. 


case is closca at both ends. For a time tl»e pupa is quiescent; then 
a nynipli emerges and makes its way through the water to some 
stem. Tliis it a.seond.s, splits its skin and gives exit to the imago, 

wliieh Hies away and pains. Enoicycla ifT^ 

lias in the female only rutlinients of 

wings; and tlie liind pair arc absent in ^ 

ThamxiMcji. The Triehoptera s h o w 
affinities with the Lepidoptera. and it is 
not imi)robahlo that the latter have been 

derived from them. K 

This order contain.s some 5(MJ spoeie-s, X ^ 

about 150 British forms and as many i 

North American—divided into seven 

families:— 

Fum. I. Phryganeldae. The l.irt-ost h.nns. , 

M.ixillury pulps of mu|.. l.airy and .f-srumont-'d. -* 

Antonn.«> and Frh .stout.. The m< n.lK.r.s ,.f t us _ ^ 

fjiniilv inhabit «till wi^U'r. i ho hriMU*hiuo <il tlio gaut^ (afur V^Utt 
hvrvm, arc niunu-ntous. Tho lurvul 
composed of hits (d plunl-s uti«l h-uvos. 1 lu-y livo 

‘"rmr S.'^ LlmnophilldaP O. ^'lli pn sent . Maxiilury 

„ul..s of inulo 3 wgmciitc-d. Th. iois n »:n at vuia ty m tho form of tho 
c' sos - iZ^vrla p.^soa .t« larval lifo ana.ngst damp mo^. t^.d 

t„ l;“,'''''sX^';on.a.ldae. Muv.llary ,.t nml.; J- c.r J-a.^.n.-nU-.r 

HZi Tl.c Kcn... Ild,c..,.s,jch^ U..„„ u »,.ir,.l . a.,,. aon.-.l.inR l.ko a amall 

“fllllLin^norr'^fumUi.,. havo O-a^gmcnto.l ...ax.llnry palps in bnth 

'‘"Fnnr.t Leptocerldae. Long nnt. nnn... Wry hairy pnips wi.l, .he l,u.t 
\ n»vU.la and aiinnlo. l.arvm> muko slruight or curved c.wses of 

uro^hort tufts. Thoy rcsomblo tho Tinoid moth 

^P'''HyTor 5 ychldTer'‘Hat^ hairy palps with tho last sogmont 
I . nr and ioinJ'd Tlio lurviio ii.hahit Htreuiim and muko fixed cases, at 
^rnu!:;; to whn-h some spc-cs. e.g. }<Ky..orH,U^ and Uyarop.ychc 
loir. Bilk.-n nets to entrap tho insects on which they feed. 1 ho larvae of 
llrilish species of l>hiU>voUimus and of Toiod«. oro Buid to bo without 

'""^Failr^V Rbyacophllldae. Palps with v<Ty few hairs, tho last segment 
Hirnt.le iual i ylindri< al. Rome l.irvao of this family havo no branchmo and 
l.rcalhe by stigmata. They live in rapid streams and make fixed cases 

under stones. Khyncoj.hila. 

Vatu 7. HydroptIHdae* Sninll forma very like Tinoid moths. Wings 
narrow. The larva*i make small sc<?d-like cosos, and tliey havo no broncliioo. 
O.xyelhira fastens its case to leaves of waterdUies. Hydroplila. 
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Order 18. Lepidofteua.* 


7’Ac whigs and hodif are covered with a midlitudc- of flitfcned 
scales which cause the brilliant colours and 'patterns on the four 
vnngs : nervures rather few, not mjrc than fifteen reaching the edge 
of the wing, only four cross-ncruurcs exist; mandibles as a rult 
absent or vestigial, the first maxillae elongated and grooved so as 
to form a long coiled, tubular proboscis. Metamorphosis complete ; 
the larva, a caterpillar, has large mandibles. The appendages of 
the pupa are pressed against and are usudly adherent to the body. 
The Lepidoptera include the Moths and Butterflies, tlie most 

beautiful of all in¬ 
sects. The head of 
the imago is largo 
and a good deal of 
its surface is taken 
lip by tlie great 
compound eyes, 
which may be sup¬ 
plemented by a pair 
of ocelli. The an¬ 
tennae arc large 
and have hiany seg¬ 
ments. The lahrum 
is large, tlie man¬ 
dibles in mo.stca.ses 
indi.stingu i s h a b lo. 
The maxillai-y palp 
1 .S also much reduced, hut the maxilla—though exactly what part 
of it seems uncertani—is prolonged into a semi-cylindrical process 
w u.hwith its fellow forms the roiled and protiusible proboscis 
nc maj be several inches in length. In some forms liowevcr 
le max ae are absent or they may remain as delicate processes 
hanging from the mouth and independent of one another. The 
a lum 18 much reduced but its palps are enlarged and form con¬ 
spicuous tusk-like, hairy structures. The mouth seems to bo 







rid 455 .—Mouth-part* of biittorflies (.ftor Savlunv)- 
of^rna; 5 of ■ A r.ot«n*c Oc c « 

Jrrt 1118X111 irv pain; .Vx maxilla; Lt labial pnli 
i.T Ubmm ; }id m.iudlblo. ^ 


2: Monograph of th<' Pha'aenac of 

B. Meyrick Handbook of Britiah Ltpidoptcra, isoi 
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closed in certain species and the stomach sometimes aborted, but 
other species suck up the sap and juices of plants by meaiia of a 
pumping organ in the head. 

The three thoracic segments are firmly fused together. The 
prothoraz is reduced to a mere ring, but bears on its upper side 
a pair of process termed patagia. The mesothorax is very 
largo and is bounded behind by a large ecutcUum. Just in front 
of the insertion of the fore-wings the mesothorax bears on each 
side a small flap, the tegula, which overhangs the articulation of 
the wings. The metathorax is comparatively small. In the 
female seven abdominal segments may be made out; two more, 
and possibly a trace of a tenth, are tucked into tlie seventh. In 
the male eight segments are externally visible. The legs are 
slender, covered with scales ; the tarsi have five segments. 

The fore-wings are larger than the hind-wings; in some species 
both pairs appear larger than they arc owing to the scales over¬ 
lapping tJie edge of the wings. The males are invariably winged, 
but in rare cases, e.g. the Winter moth Cheimatobia brumata, the 
female is wingless. Tlio fore- and hind-wings of each side are 
either correlated by a bristle—the frenulum—projecting from 
tl»e latter and fitting into a flap or a bunch of stiff hairs—the 
retinaculum—on the former ; or the fund-wing has a shoulder pro¬ 
jecting fojTward under the base of the front wing ; or thirdly, 
in some moths without a frenulum, the fore-wing has a small 
lobe at its base, called the jugum, which droops towards tlje 
hind-wing, and which may slightly help the two to work 
together. Each wing has almost always one cell, or area com¬ 
pletely surrounded by nervures ; tlie latter are much more 
numerous at the outer margins than at the bases of the wings. 

There is a pumping apparatus divaricated by muscles in the 
head ; the oesophagus traverses the thorax and opens into a 
tubular stomach, whicli is preceded by a crop. A diverticulum 
erroneously called a sucking stomach opens into the oesophagus. 
The intestine is slightly coiled and ends in a large rectum. Three 
malpighian tubules open by a common duct into each side of the 
alimentary canal. The heart is looped both at its point of entry, 
and within the thorax. There are three thoracic ganglia close to 
one another and four abdominal ganglia. As a rule there are four 
ogg-tubes in each of the two ovaries, and the two oviducts open 
by a single orifice at the end of the body. In front of this on the 
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eighth abdominal segment is the opening of a bursa copulatrix 
which communicates internally with the oviduct and which 
may be enlarged to form a spermatheca. There are also acces¬ 
sory glands. The two testes of the male lie in a common capsule ; 
the vasa deferent»a unite to form an ejaculatory duct. The 
eggs are very Varied in colour and sculpture and range from 
a few dozen to several thousand in number. They may be de¬ 
posited promiscuously, or they may be carefully laid on the food- 
plant of the ensuing larva, which makes its exit after a period 




■ / L’-; 




varying from a few days to a few months. 

The larva is 
popularly 
Iciiowm as a 
caterpillar. It 
has a head 
followed by 
three seg- 
ments—the 
th o r a ci c — 
bearing true 
G legs, and ten 

I'M. 45<l-Lftn-a ol tho Popbr H*wk-incilh. .Wfin^Aiu pi>pWi. abdomilial 
X f In refVHc ; /I In movement. From Shsrp. 

segments, the 

last of which is in some cases difficult to make out. The ab¬ 
dominal segments bear a varying number of tubular feet, each 
ending in n circlet small hooks, and the body terminates in 
a somewhat enlarged pair of similar processes. The larva is 
essentially tho feeding stage of the insect, and its stomach is 
very large. The silk glands are also extensive ; they open by 
a romn’on duct in tlie middle of tho labium on the spinneret, 
which is by some homologized with the hy])opharynx. Contrary 
bj what obtains in the imag«t, the mandibles arc large and 
the maxillae and labial palps small. 

The pupa, often termed a chr^'salis, reaches its fullest de¬ 
velopment in this Order. Its akin hardens and tho appendages 
of tho body are glued to the outside. It is incapable of move¬ 
ment except for a slight wriggling of the posterior segments. It 
may be exposed, and has in that cose often patches or knobs of 
a brilliant metallic lustre, or it may be concealed in a cocoon of 
silk with which some species incorporate extraneous materials. 
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In many forms tho body of the pupa ends in a projection—the 
cremaster—and when the pupa is one which hangs suspended 
from a twig or leaf the cremaster is provided with a number of 
minute hooks. Various methods are used for the imago to 
escape from tho cocoon. After emergence it rests for a while 
for the wings to dry and then flies away. 

The great beauty of the Lepidoptera is due to the scales, which 
are little flattened sacs of chitin of v’ery various shape. Some 
contain pigment, which in certain species take tlie form of urates. 
Waste nitrogenous matter is not uncommonly utilized as pig. 
ment, as in the case of a family of Polychaets, the Capitellidac, 
and perhaps some Tunicates. The white glistening scales are 
said to contain air. The metallic burnish of some butterflies is 
due to the minute ridging of the surface of the scales, which, acting 
as diffraction-gratings, splits up tho light. 

There are perhaps some 50,000 species described of which 
some 2,000 are British. 

The division of the Order into Butterflies (Rhopaloccra) and 
Moths (Hcterocera) is probably not a natural one, but there is 
a certain convenience in adopting it. Beyond this the Order 
is subdivided into more than fifty families. 


Sorios 1. RHOPALOCERA. Buttcrilios. 

Antennae clubbed: the-hind-wing h<ui no frenulum, but a ehoulder pro» 
iecting forwards under the base of the fore-wing. 

Fain. 1. NymphaUdae. Tho anterior log« of both mcxoo eo reduced 
08 to usolesfl for wolking; in tho nmlo but asinglo toraul segment. The 
pupa hongs freely, without a girdle, from some Bupport, ond is comporo- 
lively Boft-skirmed. This is tho largest family of butterflies ond in it the 
pupa attains tho height of its <loveloprnoiit. This stage is frequently 
ornamonted with gold or ailvor 
boBAOA. Tho family is divided into 
eight Hub’fumilios :— 

Sub fam. Danalnae* Tho 
anul (inner margin or sub* 
modiuii) norv'uro of tlio front 
wing forked at its baso. CV^Ils 
of hind*wing closed. Front 
foot of foniulo end in comi- 
gat4^d knobs. J.»arvao smooth 
but with fleshy protuberances, 

I^rge rather block or purplish butterflies which chiefly live in worm 
climates though they extend for north in America. There ore some 
seven genera; Ltmnas, Anosia. Danai*. 

8ub-fam 2. IflloinUnas. Front foot of femolo has o tarsus 
though a shortened one. The larvae hove no long processes. Thli 
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Bub-fatnily is found only in tropical toerica. 

few ecalea in BymenUis and Ithomia, though those of Ttthorea 
and others have many. 

Sub-f^. 3. Satyrlnae. Comprossed palps with long, stout h^. 
Cells of wings closed and one or more nervures of front-wings swoUom 
The larva is smooth or with few hairs, stout in the middle and bifu^ted 
at the posterior end. A large group of usually small, grey and brown 
butterflies with feeble flight, found aU over the world. The pupw 
are often suspended without a girdle, but sometimes he loose on ^e 
ground or enclosed in a thin cocoon, that of the GrayUng Hxpjx^ui 
semele is sometimes found in the ground. Erehia, Coenonympha,MtUin- 
argia, Parargt, Satynu, EpinepTiele are British genera. Haeiera, 

CUhaeruu, PitrtVa. . , . t 

Sub-fam. 4. Morphiflae. No coll on the hind-wmg. Lsr\'M 

smooth or spiny with tho posterior end of the body forked. Tins 
sub-family is confined to the tropics of Asia and America, and is well 
known by the brilliant blue butterflies of tho genus Morpho with some 
fifty species from the forests of South America. Tho caterpillars of 
some species are gregarious. 

Sub-fam. 5. BrassoUnae. Largo forms with tho cell in both pairs 
of wings closed and sometimes a second closed cell in the hind-wing. 
On the under surface are often large eye-spota. Larvae not very 
spiny, stout in the middle with a bifurcated tail. A small South 
American family with the curious habit for a butterfly of resting 
duung tho day. Caligo. 

Sub-fam. 0. Acraslnas. Cells closed, anal (inner margin or sub- 
median) nervuro unforked. Palps plump imd hoiry. Larvae with 
long branching hairs. Moderate sized, not striking butterflies, largely 
African, but with Oriental and South American species. 

Sub-fam. 7. Hollcoollnae. Bright buttorflieswith narrow wings. Anal 
(sub-inedion or inner margin) nervure not forked. Cell of liind-wing 
closed. Palps compressed, scaly at sides hairy in front. 'Phe male 
baa a long unjointed tarsus, the female a 4-segrocnted one in the 
front-legs. Larva with branched spines. Tropical American with 
two genera Heliconius and EwuUt. The pupoe are unusually spiny. 

Sub-fam. 8. Nymphallnae. Cells imperfectly closed or com¬ 
pletely open. Front tarsus of the male with but one segment, not 
spiny, of the female 4- or S-segmented. Larvae spiny, or when smooth 
with bifurcated tail and a homed or spiny head. A large sub-family 
of ICO genera of world-wide distribution; it is in fact the predominant 
group. Eighteen species are British. Ageronia; Pgrameis ; Araechnia, 
which produces each siunmer two generations markedly unhke one 
another; Kallima the dead-leaf butterfly. Argynnis, Melitaea, 
Apatura, Vanessa and lAmenUis ore British. 

Fam. 2. Eryolnldae.* Front-legs of male reduced, torsi unsegmonted 
and without claws ; those of female small but perfect. A family charac¬ 
teristic of tropical America, with one European and British genus Nemeabius. 
Usually small forms, ^•e^y vjuiod in size and shape. They are divided 
into two sub-families. 

Sub-fam. 1. Erycioinae. Palps moderate in size. This sub¬ 
family includes all the genera but one. 


* The Lemoniidoo of some authorities. 
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Sub-fam. 2. Libytheloae. Palps very long and standing out from 
head. A single genus Lxbytkea with some twenty species is spread 
throughout the warmer districts of the globe. 

Fam. 3. Lycaenldae. Front legs but little shorter than the others. 
Front tarsus in male with one segment bearing but one claw. Claws not 
toothed. Antennae emerge close to one another. Usually smallwh. 
slender butterflies, the “ Blues ” of popular nomenclature. La^-oe short 
and hairy. Tho pupae are also somewhat squat, and besides being sup- 
ported by the cremaster they aro usually mado fast by a silken threat! 
which engirdles the middle of the body. It is a largo family with eighteet. 
British species. Lycaena, Thecla and Polyommaiu^i are British. LipUna, 


Vanesaula, Mimacraea. 

Fam 4 Plerldae. Six logs equally developed. Claws bifid or toothed. 
A median structure of varying shape called tho empodium is pre^nt 
between tho claws. A large family of moderate sized butterflies including 
tho Whites and Yellows. Brimstones, and Orange-tips. The caterpillars 
are cylindrical and downy and usually greenish. The larva fixes itself 
by its tail with its hood upwartU and the pupa is loshod to the support by 
an encircling girdle. The distribution is world-wide. Euchloc. Apon<i 
and PUrxs, Lcucophasia. Colias and OonepUnjx ore British genera. 

Fam 6. PaplUODldae. Legs fully developed. Front tibia, each with 
a pad. Claws simple. No empodium. Inner margin ofhind-wing concave. 
Metanoturn free. This family includes the most splendid hulterflies 
and is of world-wide distribution. The sexes often difler widely m 
form and colour. The larvae are cylimiricul. not ha„T and have a ciinoi..s 
retractile Y-shaped tentiu-lo which can l>e protruded just xilund ho 
hood. Tho pupa is susiicndcJ o-s in tho Piendao. Pap,ho hy far tho 
largest genus, OmithopUra, Thais. Uptocircus, Parn^sins. There is one 

Britibh roproscntiitive, VapiUo nu%c}uu>n. 

Fam. 0. Hsspsrtidao. perfect. Motanotum not free, largely con- 

cealod by mesonolum. Front lihiu bears a pmJ. Claws short toothed 
at the base. Empodium prebont. The Skippers are huttorflies 
of medium or small si 7 .e with largish bo<liea and of a prevailing brown 
colour Their head is broad ; their antenna*» arise far from ono another, 
and aro thickened before tho tip but not really cluhl^d ; their eyes am 
prominent. Some fly with cxcx>eding rapidity. Many have a brief, 
iorkv flight Tho caterpillar have a broad head ami narrow thoracic seg¬ 
ments. then tho body thickens again. They weave webs or fasten together 
leaves in which they lie hidden, and in these hIioIUtb turn to pupae, which 
are in somo species protected by a weak cocoon. The la^-ao have corn- 
nleto riiigH of hooks on their abdominal logs and m this and in many other 
respects ttioy approach the larger moths. This family is a large one mth 
some 200 genera: it is almost worl.l-wido in its distribution, bynchthus. 
NUoniadcs, Hesperia ami Carterocephalus are British. 


Series 2. HETEROCERA. Moths. 

Antennae very rarely clubbed : and in the exception* to this rule, as well as 
in the great majority oj other cases, a frenulum is present. 

Fam. 7. Castnildae. Antennae knobbed or hooked. Nervures of 
fore-wings complex and forming accessory cells. Frenulum present. A 
small family of day-flying motlis found mainly in Central Amorico, 
Australia and tlio Malayan Slates, intermediate in many respects bt«tween 
Rhopalocoro and Hoterocera. The catorpillors live on stems and roots 
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^nd are devoid of apinoa. Castnia makes a cocoon of scraps of plants. 
Me^athymiui is North Amorican. 

Faro. 8. NeocastoUdae* R^somblo the preceding family but for the 

absence of a proboscis. Tascina and Neocaatnia, from the Oriental remon. 
compose the family. 

Fam. 9. Saturnlidas. No frenulum or proboscis, first maxillae aborted 
•Anto^ bipectinate in male. This large and cosmopolitan family re¬ 
sembles the Botnbycidae, but has only one anal nervure in the hind-wing and 
only tliree radial ner%'ure8 in tho fore-wing. Both pairs of wings have trans- 

e.g. Coacinocera and ^«acu^. are enormous, 
and the hind-wmgs are prolonged into extensive tads in Arceina, Copto- 
pUryx and oth^. The larvae liave ten pn. legs and lx>ar mony tubercles 
with spines cocoons vary from a light network to a dense silky 

coNonng, which m some cases has a commercial value os Tussore silk 
Ihere are some seventy genera, of winch but one speciesSatumia pai^nia 
the Emperor Moth, is British. 

Fam. 10. Brahmaeidae. Distinguished from tJie preceding by the 

TheT"k 1 r „Wdul! maths, whoso lar^-ae form no cocLns. 

Africa ^ whiai extends from Japan to Northern 

First maxillae short. TiT larvae 

rotiln \ tT VT’, Southern United States. 

< Ufi tunut iS tho l)C 0 t knoTVTi genus 

iome-tu,.tod l,y umn "'"I" ^“***^- amongst tho few insects 

are l.airv a, d ?f and two anal on the hind-wing. The 

ox(n.n.elv;nihul,. TflTf “P* break off and prove 

; l^l somo t*- South AuZr^ 

PrifiH.i but’ t t V P”r*uto under water. Them are no 

-'J C. Vur;,. whoi! lar^r’rinr'?"' proc«si«„c» 

ringlc I.n,!,,.-, ,« fon/iii'n;' by a 

American g-Hu ra ^' V/a«lV/ "’’'*'7'*be 

species. The larMic make Ti’. tl. c T\ ^ score of 

they live apart. leoM-s or excrement in which 

proboscis. Fremilunl'^%...7n7 "^7' V®"'*"-'' ” ‘"'’S 

ending in a hook. P’ront wings nsimlK- .''‘"'^be-shaped and often 
wings small. The Hawk-niotlis fonu 1 imgl hind- 

it U restricted to t^ ailk*-'wom'm7h'r*^'^*^'^*‘"*‘^^ *^*'‘‘* J here 
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whose larvae are interesting both in their coloration and in the peculiar 
attitudes they assume. They usually bear a horn posteriorly and dorsally. 
Tho pupa comes to rest in the earth and is unprotected by a cocoon. 
Acherontia atropoa, the Death's hood moth, gives out a cunoi^ squeak. 
Other British genera ore Sphinx, DeilephUa, Choerocampa, Smerinihua and 

Macrogloaaa. -xu 

Fam. 16. Cocytlldae. A very small family of one genus Cocylta with 

some four species conOned to a limited region of New Guinea. They are 

very rare and little is known of their life-history. 

Fam 17 Notodontldae. Largish motlis whose filamentous antennae 
aro sometimes pectinate in the male. Tho sub-costal nei^nire of the hind¬ 
wing leaves the radial after the middle of the cell. This is a largo family, 
including some species with peculior lai^'ae. These uro in some cases with¬ 
out the lust pair of pro-legs, and the hinder end of tho body lyarned m 

an elevated position which U enhanced in the Puss-moth caterpillar (Crmro 

vimila) by the protrusion of a pair of extensile tubes. Tubercles or humps 
are common on tho dorsal surface which accounts for the common name 
“ Prominonts." Some species, as C. xnnvla, spin tough cocoons, which are 
sofU-ned by an outpouring of a corrosive fluid from the alimentary canal 
of tho emerging imago. Many species have naked pupae which pupate 
underground. Tho images are as a rule stout with hairy legs tmd mcon- 
snicuous coloration. They aro almost cosmopolitan, but are not found m 
New Zealand and Polynesia. Oluphiaia, Plilophcra. Ptcroatoma, LophopUryx 


and Nouxlonia ore British genera. r r 

Fam 18 Cymatophofldas. The second median nervure of the fore- 

wing emerges from tho cell mid-way between tho first and third. The 
emergence of tho other norNmros is not evenly sps^-d. Frenulum and 
first maxillae well developed. Antennae filiform. This family is small, 
and its members nocturnal in their habits. In structure it appro^hes the 
NoctuiJue. It is well represented in the Northern Hemisphere. Thyafra. 

Cumatophora and Aaph^ia aro Britiiih. ,, i \ a 

Fam 19. Seslldae. Antennae cluhbe<l. first maxillae well developtHl 
hut with no palps. Frenulum prcfw'nt. Three unul nervuros in lund-wing, 
one and u iM.rtion of a second in tho furo-wing. The t'learwmpi are re¬ 
markable for large transparent areas, often on both pain, of wings, free 
from scales. This gives u superficial likcnesw to some of tho Hymeno|^ra. 
Tho larvae have ten pro-legs. They burn,w into and eat wood, and ^.ng 
thiiH wmcculed are hairless and without i-.ilour. The pupa has its limbs 
comparatively free and is unusually mobile : it is proteeWd by u cocoon 
of HinaU wood chips. Tho imugos fly by day. British genera are 
ami Trochilium, and doubtfully SciapUron. , , , , . 

Fain 20 Tinaegerlldas. Tho wings msorted far bock on tho thorax 
us in ScaiidiU but the shape of tho wings and wing-frii.gi-s resemble those 
of tho Tinridof. An exotic family only recently recognized and about 

which little is known. OedamaUjjtoda. .... 

Fum 21. Syntomldas. Fore wings much longer than hind-wings, iii 
whic h respect this family resoniblos tho Zygatnidae, but tronsiiarent spot* 
duo Uj absence of scales are found on tho dark coloured wings. Bipoctinute 
antennae in the male. A family of day-llying motlis which frequently 
resemble Hyinenoptora Like tho latter their body is often highly 
decorated, unci in some species drawn out into a long slender structure like 
an ovipositor. The larvae Iiavo tufts of hairs and form a silken 
cocoon. No British species. Triehura, Nadia, Syntomia, Dyciadia. 
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Fam. 22. ZygadQldae. Tlie fore-wings (with three anal nervures, two 
of which are confluent) are longer and not so brood as the hind-wings. The 
latter have three distinct anal nervures. FrenuJum present. Antennae 
thicker before the tip and then tapering, very flexible. The Bumet-moths 
are day-fliers with conspicuous metallic coloration. The black and yellow 
larvae generally have ten pro-legs and feed openly on plants. The pupa 
is unusually soft and mobile, but is enclosed in a hard cocoon, spun on the 
food-plants. The family is a large one and widely distributed. Zygaena 
and Ino arc British. 

Fam. 23. HlmaDtopterldae.* Scales imperfect and hair-like, Hind- 
wings form loi^ slender tails which give an un-raoth-like look to the 
insects. This is a small family whose representatives are found only in 
Africa and India. 


Fam. 24. Heterogynldae. Intermediate between the Zygaenidae and 
the Paychidae. The female imogo is very imperfectly developed and 
remains attivched to the pupa-case, in which she is fertilized and deposits 
her ova. The male is a small moth with imperfect scales. Heterogynia 
of Southern Europe is the only genus. 

Farn 25. Psychidae. Females very imperfectly developed, wingless 
and oft n U-gless. Males wingod with bipectinate antennae, degenerate 
mouth-i-arts and imperfect scales. Smallish moths, widely distributed. 
Ihe larvae construct cases with a lining of silk and an outer 



coating of bit^ of wood, leavo6» otc* ; 
theso cases may be coiled like Mollusc 
shells. The femalo does not quit the 
cose but pupates and lays her eggs 
there. The degree of duvolopmont she 
«t Inins varies in different species. The 
mules fly actively, sometimes in swarrnsy 



i r ri'inali* I'f r'9i;rhe S^!\e : 

0 TM.tlc : r ';c«o i.f inal.* enter- 
I U ot iiii* fi'in.tlc, 


but do not live long. Pt-yche, £/,t:i,nop- 
teryr, Pumea, represent the family m the 
Uritidli area. 

Funi. Cossldas* Mouth much ro- 

diu od or aborted, no proboscis. Tho 
In rx'ures resemble those of the Zi/fjoef%uJ<^€t 
but the iiudiun nervuro of the discoidal 


V . ... tork.s. i^n nuJum present. A small 

Uu uid.dv <ljMtriiMiU‘d family of laiKinh niollia most ohundant in tho 
tr.'i-u ■ Uh. larvoo J.urrow iotn wood and do grout dunmgo to some 

hairlr.-s and with l.ut littlo adortiment. andore 
f. M.. i,.r Horn.. ,w-.. ..r tl.ivo >..urs. Tho pupa is surrounded by a 
coori of rhip.. |„i,.d with silk ; m soiii.- sjx'rio.s it sfrtMigthoned by a clayey 

nZ7f- *“ uhioh receives its common 

an V ' r nmth Z.uzera a^sculi, 

and3/mrcw,c.wM rvpr.went (he family in tho British aroo. 

lam. Arbohaao. UitT.r from Co.>c.sidao chieflv in absouoo of 

frenulum and m greater Situplieity of nerc ure.s. A small family. 

Farn. 28. Cbrysopolomldae. Nervures ... in C..s..idae but the imagoa 

rewmblo^ ^ororupn/ar. It ineludes one gonva, found in Africa. 

Fam. 29. HeplaUdae. Ihe nervures of fore- mid hind-wings closelv 

«m.lar. Scales imperfect. Jugnm present. No frenulum. Maxillae at 


A small 



Thymiaridae of ioine authoritioa. 
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any rate very much iO<luro(l» if not absent; antennae extremely short. The 
inoutli parts arc altogether rudimentary and no food is taken by t\io 
imagos. Tlio Swift-moths form a small but varied family, zoologimlly 
very isolated. The mcml>er8 of it vary greatly in size* from small moths 
to insects six or BO von inches in breadth across the wings. The larva© 
live on roots or tho wood of trees and are usually bare, the pupuo 
arc also 8uht4Trancan and rapablo of moving through tho c^^rih. 
In many armtoniiml dot»iils tho Hopialidao show a great simplirity 
of structure, c.g. tlit* U'sU^s reinuin distinct, the nerve-chain aixl Jieurt 
show loss coneontratton than in other niotlis, the tracheal system 
rcsoinhlos i\uit of the larva, tho nerv'uralion of the fore- and hind* 
wings is similar. Some sj>c(*ics of tho only British genus Hepialtts 
difTor markedly in tho appoaranro of tho two soxes, but tliis difTcren< e is 
not eonstnnt and vatios greatly in different localities. The Australian 
region sconm U> liavo most H|MH*ios, but tho family is cosmopolitan. 

Fain. 30. Callldulidae. The wing nervuros rosomble those of the 
J^yralidao. Krtnuihun nb.sent or rudimentary. This ie a small family of 
<laydl> ing. lieht niotliH rescinblinu btittcrOics. It is confined to tlio south¬ 
east half of Asia and the noighbouriiig islands. 

Finn. 31. Drepaniilidae. Apc*x of fore*\\ing pointed or hooked in 
many casi s. Frxmuhini sornctimos wanting. No niaxill.iry palps, and 
labial palps small. A small hut cosnio|>olitan family. The larva has 
but eight pro-legs and torminates in an u{>-turnod prinu^ss somewhat as 
tio the loTMU' of reifnin Nfftodontitht^, The hooks on the pro-legs do not 
form a <*4>inploio firde. 'I'ho <’<K*ncin is weak anil formctl amongst 
leas es, fxiM and Cilix (vs lii« li has «>no Fj>ceiefe that at rest resoinbls^s 

a liird's dropping) reprinsiait tlio fainil^ in Britain. 

Fain. 32. Llmacodidae. .Allied in norsuraliMn to the but 

tho Huh*e<>HtaI tiorvuro iifiastomoH<*s with tho riuiial and is not united to 
it l)y a <TOrts-nervurc. First mnxillao nalueod. Small, squat moths of 
varying appearamo wliieli talo^ no f<Hjil in tho imago state. Nocturnal, 
'riic larvae have no prodegs iind are flat toned and sonicwhai shig*likc. 
'J*hcy eat Uaves, but except when feeding the head is withdrawn 
into the iHidy. The elaliorato cocoons an' often attiic)io<l to twigs or 
leases, atul provided with a li<l through which tho imago ornorges. They 
are iiiaifily a tropit al famiiyi IfUt fleUroQenea and A}»oda {Linuxcc<lfs) are 
nriti»h. 

Fain. 33. Msgalopygidas. Wing norviireH rosomble Zygaentdoe but 
in the fon**wing the thro4« aruil norvurcH are for tho most part distinet. A 
Hrnall family with very hairy liirs'ai* an<l iinngos. Tho former are S 4 \id 
U) have seven pairs of pro-legs. Tlio cococm is fitted with a lid. Ainoricun. 
MtgaUipygt and Ijogoa, 

Fain. 34. Thyrldldas* Allied to PyrnUdae Init with two anal nervuros 
ill )iind*wing and no maxillary palp. small family of smallish moths, 
mostly tropieul. 

Fulfil. 35. Laslocampidae# Antonrui bipeetinate in both sextos. No 
fir.il muxilliu3 aiui no fremihitn. 'rim JCggar inotliH an* very hairy and ofn*n 
of a brown colour, with ronHiderable H4*xual dimorphism. Tho og<TH are 
Hinooth and ooiu'Caled by hairs depoHit4Mi by the parent. Tht' 

lurMiM urv n in.ukuhly liairy. 'I’liu piipu ifl <>ru'l<)«'(l in ti ./.mpm-t. Ju.nl 
'I'ho f.iinily iiirludoH w>fuo hundred j^iMiero with five tiinVs lut 
many h|« . i.-m. It oc rum ull ovor tho world ox. opt in Now Zoolund 
mjxi. OJoncMtiM. Erio <utfr, Foecilocompa and Trichiura uro Driti,<h- 
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Fam. 36. EndronUdae. Imago strong and large, flying by day in 
tirch-woods. The caterpillar is said to bend back the anterior segmente 
over the posterior somewhat as does a saw-fly larva. Endromis is ondeimc 
in Great Britain; E. veraicolor the “ Kentish glory ” constitutes the 


Fam. 37. Pterothysanldao. The posterior border of the hind-wing 
bears long hairs. No frenulum. A black and white Indian genus Ptero- 
ihyeanus constitutes the family. 

Fam. 38. Lymantrlldae.* Antennae bipectinate in males only. 
Frenulum very rarely absent. Sub-costal nervnre diverges about the 
middle of the cell and connects with the first radial. First ma x illaa 
reduced. Smallish insects of silver white or sombre coloration known as 
Tussock-moths. Iatvs© with highly coloured tufts of hair. The cocoon, 
and even the pupae are often hairy. The female imago is often wingless, 
or its wings are small and it does not fly. The tip of the abdomen often 
bears a thick tuft of hcurs. Psilxtra monacha, the “ Nonne ’* of the 
Germans, is terribly destructive to forest trees in Central Europe, especially 
to conifers, on which the larvae feed. Portheiria diepar is the “ Gipsy 
Moth," the introduction of which into Massachusetts has been a source 
of great trouble and expense to the government of the United States. 
The family is large, with nearly two hundred genera and eight hundred 
species, and is very widely distributed. Porihesia (Liparis)^ Leucomaf 
Lculia, Ocneria, Pailura, Dasychira and Orgyia are British genera. 

Fam. 30. Hypsldae. The nervuree resemble those of the preceding 
family; but the first maxiUao are well developed and the labial palps are 
long and turned up. Yellow and grey moths from the ivarmer regions 
of the Eastern hemisphere. 

Fam. 40. Arctlldae. The sub-costal nervure coalesces with the radial 


and so seems to emerge from the middle of the cell. Frenulum present. 
The Tiger-and Ermine-moths form an enormous family with five hundred 
genera and three thousand species, cosmopolitan in distribution. The 
larvae are often hairy, and the images usually brightly coloured and 
showing a high degree of sexual dimorphism. Some of thorn are remark¬ 
able amongst moths for the sounds they produce. Nytteola {Sarrothripua)^ 
Eariaa, Hcdiaa {HylophUa), Nola^ Nudaria, SeHna, CaUigenia, Lilhosiot 
etc., ore British. 


Fam. 41. Agaristldas. Antennae usually clubbed and hooked. The 
wing nervuros of the Noctuid type (see below). A varied collection of 
usually diurnal, sometimes crepuscular, moths with bright wings; absent 
from Europe, but numerous throughout the warmer regions of Africa, 
Australia, Asia and North America. 

Fam. 42. Geometlldas. Delicate moths with large wings. The 
second median neivTii© of the fore-wing is usually closer to the first than 
to the third. The sub-costal nervure of the hind-wing diverges beyond 
cell, with which it may fuse. Taim long, not hairy. The 
Carpets or Pugs " form a very large family, with very oharactoristio 
larvae Imown as ‘ Loopers " or Geometers. In repose the larvae hold on 
by the two posterior pairs of pro-legs ; all the anterior parte of the body 
frequently projecting rigid and twig-like, supported by a thread extending 
from the mouth to some point near at hand. The male usually has re¬ 
markable a n te nn a e . Some species have wingless females or females with 


* Often termod l<iparidae. 
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wings much reduced. The elongated larvae have lost the anterior four 
pairs of pro-legs, and retain only a pair on the ninth abdominal segment 
and the anal pair, and as a consequence they ‘Moop’* when moving, 
being apt to asuume a position in which the front and hind end of the body 
is supported whilst the centre rests without support. The cocoons are 
slight, in many cases absent, the pupa being naked and subterranean. 
The family is cosmopolitan. Oeomtira, Nemoria, Phorodiama, lodes, 
Hemiihea are amongst the British representatives. 

Fam. 43. Noctaldae. Sombre moths with proboscis and frenulum. 
The fourth and fifth radials of the fore-wing arise from the third, and this 
has a cro8s*nervure linking it with the second. This is the dominant 
family of the Heterocera. with some eight thousand species. As the name 
implies they are night-flyers, and they are provided with complicated 
organs at the base of tho thorax to which a sensory function has been 
attributed. The larvae share the nocturnal habits of tho perfect insect; 
usually they have ten pro-legs, but one or two pairs may be wanting. 
These larvae are the cause of immense damage to crops in America, 
amongst the more destructive species being the “ Army worm ” I^eucania 
unipunctaia, the “ Cotton-worm ’* AUlia xylintu, the “ Boll-wonn ” 
Hdiothis obtoleta {armigtra) and others. The pupae may be naked and 
buried in the earth or enclosed in a cocoon made of vegetable frag¬ 
ments. The family is cosmopolitan. British genera include Agrotis, 
Noctua, Triphaena, Mammestra, Hadena. 

Fam. 44. Eplcopslldae. Antennoe bipectinate in both sexes. The 
cell in each wing is crossed by a norvuro which in the fore-wing is forked. 
The maxillary palps are very small. Tho moths of this small family of 
seven or eight species, all united in the single genus Epicoptia.aro very 
like some swallow-tailed butterflies of the Papilionidae. Tho caterpillars 
have dermal glands which secrete a snow-white waxy substance. They 
ore rare and live in Java, Japan, Cluna and India. 

Fam. 46. Umnlldae. No frenulum. Tho fifth radial of tho fore-wing 
unites with the first median, and in the hind-wing a single anal nervuro 
is usually found. Antennae filiform. A small family of six genera and 
some sixty species, with largo wings often “ swallow-tailed." The larvae 
have ten pro-logs and bear sharp tubercles on each segment. The pupa 
has its first maxillae prominent and ends in a spine. Tho family is tropical. 
Urania is one of tho roost beautiful of tho Lopidoptera. Beveral species 
have a very curious structure in tho abdomen, consisting chiefly of two 
apertures, one on either side of the second segment, each leading into a 
large cavity extending almost to tho middle lino. 

Fam. 40. Eplplemldse. Frenulum present. The sub-costal of tho hind¬ 
wing is free from tho radial, and the fifth radial, of the fore-wing orisosas 
a twig from tho first median. Tlio hairy larvae have ten pro-legs. Like 
tho Uraniidac, they have a peculiar sense-organ at tho base of the abdomen. 

Fain. 47. PyriiUdae. Tho second median of tho fore-wing orisos from 
tho cell nearer to the third than to tho first; there are two anal nervuroe 
in tho fore-wing and tluou In tho liind-wing, where the sub-costal ap¬ 
proaches or touches tho radial. Antennae usually simple, legs often long. 
TliO Pyraltdao form a very largo family of small moths. The proboscis 
is often very long. Tho larvae have ten pro-legs with complete circlets 
of hooks : they are usually naked with a very few scattered hairs, suid ore 
unattractive and as a rule concealed in rolled up loaves or vegetable 
d6bri8 i a few are aquatic. The pupae have but two free segments and 
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are protected by a cocoon. The irnagos, wliich inchido both day and night 
moths, are pl^ and often marked by d>roo lines and throe spots, '^e 
family is cosmopolitan and there are a hundred and fifty liritiah specif. 
Amongst the British genera arc, Pyralin, CUdcohia, Agloana, Sc&paria, 
Nomtyphila, Odontia, Pyratista, Rhodaria, Herbvlat Ennychia^ Cramhua, 
Platylca, Hydrocampa and many otliers. 

Fam. 48. Pterophoridae. The fore-wing has two, and the hind-wing 
three deep clefts, which separate tlie wings int<» plumes, unknown, in otlior 
moths, with tho exception of the succeeding fan^ily. Tliis is a moderate 
sized family with some thirty British roprosontativea. Tho larva© are 
slow and heavy, very hairy; they live expo.-wd on leaves. Tho pupae 
have three or four free segments and ore covered with hairs or protected 
by a slight cocoon, Tlio liind-wings are more cleft than tho others, 
Agdistia, represented in this country, has its wings entire. Tho family is 
widely distributed, and Ctiaemidophorua, Platyptilia, Amblyptiliaf OxyptilnSy 
Pterophorua ai'e amongst the British genera. 

Fam, 49, AlUCltldae.* Each wing cleft almost to tho base into six 
plumes. Alucita, tho only genus, is represented in Britain by A. poly- 
daclyht, which feeds on honey-suckle, 

Fani. 50. Tortrlcldae. Tho second anal nervuro of hind-wing forked 
at the b»isc, and a sub-costal is alwa>*8 present. Tho first rnaxilhu) have 
no pulps and the labial palps are blunt. The Torlricidac on> a very ox- 
tensivo family of small moths who-se hind-wings have no pattern. The 
wings are sometimes slightly fringed, and the front pair n»ay hear metallic 
spots. Tho larv’ao have ten j)ro-legs; they live within tho tissue of tho 
plants on which they feed, or in rollod-up leaves : in either ctxso they cause 
gro vt injury to trees. The family Is widely distributed and represented in 
iliis country by the genera Tor/rtx, IHchelia, Amphiaa, Oeticctrat Lep- 
togi-amina, Peronaa, R^codia, Teraa and others. 

Fam. 51. Tineidae. The norvures are arranged as in the preceding 
family, excepting that tho second anal of the hind-wing is not forked. 
Tho wings are usually narrow and pointed, and the hind-wing may bo 
fringed. Maxillary palps often present, and labial palps pointed. Thisisan 
immense family of small moths with some seven hundred British species. 
Tiio larvae live exposed on plants, or mine in o great variety of substances 
such as clolii, llie horns of live luitelopes, camels' dung, fur, hair and horses' 
hoofs, potatoes, old wood, corks, etc., etc. In structure these caterpillars 
vary greatly; they may bo altogether devoid of legs; many of them have 
protoctivo coses. 'Tlie pupae also show much diversity. One or tw*' 
species of Tinea are \'i\*iparou8 ; and Solanobia, which is wingless in tlie 
fomalo, is at times purthenogenetic. The group is cosmopolitan and 
represented in Britain by Diptodoma, Scardia, Blabophancj*, Ttnca, 
Tineola, Lninrtionia. Nemophora and others. 'Tlie so-called “clothes 
moths l>clong to this family. Pronuba aynthetica [Pig. 459) lays her eggs 
on tho \ urea and, in so doing fertilizes tho flowers. 

Fain. .'>•? Erlocephalldae, Tho mandibles are fairly well developed 
in the imaeo. Tiic maxillae have each two lobes, not elongated, and a 
flexible, five-segnuMitod polp ; they form no proboscis. Tho wings have 
no frenulum or shonlder, but a small jugum; the front and hind pair 
probably net independently. A small family which by the foregoing 
characters and by the large number of cross norvures on thew’ings shows 


• Ornoodidao of some writers. 
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rolationnliip with 
tho Tricli o p t o r a. 
The larva has six¬ 
teen pro-legs aii<l 
lives amongst dump 
moss. Its head 
boars lung untcruiuo 
and is rotraetilo 
into tho following 
segments. The 
niandibtcs of the 
{Mipa are functional; 
tho ptipu is said to 
bite u hole out of 
tho cocoon* through 
which tho imago 
frees itaclf. Tho 
irnagos havohronzy 
uingH. The family 
is Holarctic* and 
also ro presented in 
Now Zealand by 
Palaeomicra^ Erio- 
ccp?iata calthella is 
a very common 
Ilritish spo c ie8» 
f4)und early in the 
year on buttercups. 
liy tho form of its 
mouth-parts, Erio- 
cephata shows that 
Ivopidoptera ran bo 
conHidored us man* 
dibulato insocts, in 
tho majority oi 
wliicli tho man¬ 
dibles are obsont 
or oxtrernoly ro- 
durred. 



FfO. 460-—rrpfiuta North AmerJes. A ; 

II, C pupa, ventral unU loteral iu»i»ocU ; /> femalo moth: 

E heftd ‘xnd pr\rt oi thorax ■>! Uio ft'inAlc ntoth ; a ttblrtl palp ; fr 
iJittXlUarv t^niaclr ; c maxillary probuacb ; 0 ba^o ol 

front iei; <ait<*r from Hharp). 


Fam. C3. Mlcroptsrygldse. The cross nervuros are numerous, but not 
so many us in tho Erioctpluxlidat^ and tho sub-median norvuro U forked. 
No frenulum or irmndiMcs arc present. Maxillae form a shorts proboscis 
with long palps. Tho iariiily as roprobC'ntod by tho genus Micropicryx., 
T)io fomalo has a cutting oviposiUir by moans of whieli sho lays hor eggs in 
tho moBOphyll of a loaf. 'J*ho larva is without feet; before tmnsformatfon 
it makes its way underground, whero the pupa surrounds it/ielf with a 
cocoon strengthoned by grains of earth. Tho pupa, liko tliat of tho 
Trichoptofa, hits a free lu^ud and appondages including large irumdiblos, 
but those latter am h>8t in the inmgo. Tho molliS am small with amotaUio 
sluH^n. Micri^teryx occurs in NorOiem and Middle Europo iaoludlng 
Hritain. 


3 A 
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Order 19. Coleoptbea.* 


The anterior wings, caUed elytra, are hard, and when at rest they 
cover in the functional hind-wings and come together dosdy 
with a straight median juncture; mouth-parts biting, with stout 
mandibles ; second maxdtae much fused to form an effective lower lip. 
Metamorphosis complete; larva grub-like; pupa soft and exhibiting 
the parts of the imago. 

The Coleoptera form a very large Order with some hundred and 
fifty thousand described species. Almost any member of the Order 
may easily be recognized by the straight suture which in the 
great majority of cases lies between the hard, leatheiy elytra, 
or fore-wings, when they are at rest. The hind-wings alone are 
used for flight, and the group on the whole is less given to flying 
than the other large Orders of Insects. The head bears an¬ 
tennae, whose segments vary in number from one to thirteen, 
and biting mouth-parts. 


The prothorax is usually mobile; the pronotum, and the elytra 
when at rest, effectively cover in the body ; a small triangular 
area of the mesonotum, situate at the base of the elytra and termed 
the scuteDum, being frequently the only other part of the dorsal 
surface visible; in many cases, however, the elytra are short, 
and leave some dorsal abdominal segments exposed. The 
sterna are usually clearly de6ned, as are the epistema and 


cpimera. The bases of the hind-legs cover part of the 
anterior abdominal s^ments, of which usually but five are dis¬ 
tinguishable ventrally, though seven or eight appear dorsally. 
One or more segments are tucked into a genital bursa at 
the posterior end of the body. 


The elytra are very rarely absent and then only in the female 
sex; but the hind-wings are not unfrequently diminished to the 
smallest proportions, and in these cases the right and left fore¬ 
wings are frequently soldered together. The elytra are often 
ornamented with ridges and depressions. The hind-wings 
alone are membranous; they have but few cross-nervures. 


Paris. 1828. Horn. Revinon der 
Ann. Soo. Ent. France, 1882-3 
ai^ IMG. Rafir^, Rov. Ent. franc., ix, 1890. Oanglbauer, Die Kdfer 
^ MtUdeimypa,yvnma, m progress. Perris, Larves de CoUopUres, 1898. 
Newport, Pr. L*nn. Sm., xx, 1861. Lacordaire. Genera dee CoUopt^ree 
(Suitea A Buffon), x. Pons, 1874. Mulaant, CoUopteree France. 
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The mandibles are well developed; the first maxillae have 
each two well-marked lobes and a palp ; the second maxillae are 
somewhat reduced, with a well-formed palp, and are very com¬ 


pletely fused to form a labium. The legs are usually well 
developed, and the tarsi may have from one to five segments, 
a detail of great systematic import. The metamorphosis is 
complete. The larvae are as a rule grub-like, but they vary 
greatly, from well-marked campodeiform active creatures to 
legless grubs. As a rule a bead, three thoracic segments with or 
without legs, and nine abdominal segments are patent, but in 
many cases the abdomen presents ten segments. \Mien e.xiwsed 
the larvae may have a* hard and coloured integument, but 
those which lead a hidden life are usually white and soft. 

The pupa usually is hidden in the earth or concealed near the 
larval food. It is, as a rule, an unpleasant, whitish-looking, soft 
object with all its appendages projecting, but some families have 


obtected pupae whose 
limbs are fused to the 
body. In many, a cocoon 
of some extraneous 
material, is formed, and 
as a rule the period 
passed in tiie pupal sta¬ 
dium is short and docs 
not surpass a very few 
weeks. 

There is a long oeso¬ 
phagus, and in the carni¬ 
vorous beetles a well- 
developed muscular 
proventriculus. As a 
rule the number of mal- 



KlO 4W)-— pi<4U4. a beetle ; b lAfve •, 

c pupe. 


pighian tubules is four . . ■ 

or sir. The central nervous system varies in its degree of 

concentration. The ovarian tubules are many on each aide, 

with very numerous ova ; the male possesses a penis which is 

usually retracted into the abdomen. 

Anolnum, the so-called “death-watch,” produces its sounds 
by a tapping movement. Longicom beetles make a sharp 
sound by rubbing the scutellum against the edge of the pro- 
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thoracic cavity, Necroylutrus and Weevils oliirp by rubbing the 
abdomen against the hinder end of the elytra. 

In order to cope with the large amount of material presented 
to the systematist by this enormous order, it has been divided 
into Bis sub-orders, five of which are well characterized, while the 
sixth (i.e. the Polymorpha) consists of those beetles which do not 
fall into line with any of the other five. This is obviously not a 
natural system; convenience and insufficient knowledge alone 

excuse it. It is used here ; but the following note on a proposed 
now schonio is siso given ; 


L Gftnglbauer (Munchou. Koleop. Zoitschr.. I nn ‘>71 

rr of" coleop^ora. dop.ndingYr;gelv on ^ n^rvSrt 

fin fliA 4# ■^^Pn^ga type, cliarttcteris*£?j by certain crosa-veins • 

mmmrnm 

& i“n.^ ‘"“-i-"'* "tarsi. Thir sXLjrrfurtlTr 

(iv) Phytophaya. 

{V) Rhyncho})hor<3^ 

(vi) Laui^cllicornw. 

Lamellirornia the (.ighost- 

1 a, ana tho Adophag., doc.dodly tho most priinUi -o. Colooptoru. 


Suborder 1. LAMELLICORNIA. 

JZ’ro/fJTr “r--" »/ 

theee IrnMikc etgmerUM lie LeW at rest 

appear cMed-. but they can be opened'oT 

bodyir^wl^^u^riTnt',;^^ 

<md Mt decaying vegetable matter 

atrideJate. InlhoTmago Tl» "r'lrsvl 

pi^d:7’EY t"'*"" “ 

one another. Kva abdominal sterna vtaiw^ ^ 

l.J^“Zd-fi“?t'^r““ The third pair of larval 

legs modified to form a very Bmnll toothed stump w' h ^aya over a 
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grating on 5?cconcl logs and produces a sound. The family contalcis several 
hundixul .S|)ocic.s but ih uaroprosonted in Europe and almost so in Xortli 
America. 

Fain, 2. Lucanidae. Elytra ^•ou^'eal abdomen. Antennae elbowed 
ond with littlo co-adaptal ion of terminal juinta. Labrum fixed and 
sniull. Five abdonuiial 
n t u r n a visihlo. This 
family itH'Indos the Stag* 
l>e^(lc^s» rctnarkalilo fur 
the great cnlargeinent of 
theur iuan<libleH in t)io 
males. The logs uro long, 
ntul tho Tiffb r»r last of 
thi> tai-sal st^gniontH i.s 
mueh hvrgiT than tlie 
4ithc*ix. 'J'lio larviu* aro 
fat, whiU> grubs witli tliii'U 
ehiiiiiouH lusul ariiiatiirt', 
ulihh \\yv in the 
of ins's. The family with 
SoMit) tU)0 s|M'ries ts 
re|a*es«*iit4*d in the Malay 
<listiiet 4 Um 1 in the' tcni' 

|H*rat4^ rrginrts <d 1‘hirnpo 
and Asia. l.itranuft rrrini^ 
is tho Hrilish stag-lH*etlo. 

Fam. 3. Scarabaeldae. 

Klytnv lea\o hind end of 
alHlcitrion uiu*o\ t'rod. An* 
tontiao With highly ile- 
V e 1 o p 0 d leaflets. Six 

ab<lominril sterna visible. Ftn. -Scaraba^u* 

A very largo family of 

Bonio 13,000 spcM-ies, known familiarly as chafers. Tho larvae are white 
and stout and usually curved, and end in a swollen portion terrutHl the 
••siM?.*' Tho body of these grubs shows irniisverm' wrinkling. Many 
food on roots and underground stems and 4»thers tai dung. The iinagos 
oft<?n oat leaves. Tho family is cosmopolitan hut most nurnerou.s in 
tho wurinor parts of tho oorth. Scarahaevs tracer i.s probably tho sacred 
IxHdle of the Egyptians. Melolontha vulgaris^ tho euckeimfer, is one of 
the most dostruclivo beetles to growing crops. CV^oniu, the rosC'chafer. 

Sub order 2. ADEPHAGA or CARABOIDEA. 

Tartfi with five eegment/t. Antrnfiue fili/ortn. Ouifr lobe of max^Ua very 
often ditrided into a iuo-j nnUd polp (the ordinary ma-rtf/ury/>a//> being 
preeenty Veually five abdominal terga anel sterna xnsibU» and six pleura. 

This sub-order includes six families of ground- and tiger- and water- 
beetles. Tho larvae are usually active aiid Iiavo well formed legs with 
two tarsul segnientii. 

Fam. 4. Clolodelldae. Antenniu^ cloven segniontod. Clypous reacl>os 
laterally beyond tho insertion of antennae. Outer lobe of maxilla 
forming o two-segraented palp. The inner lobe of the maxilla ends 
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in an articuated hook. The beetles of this family, known as the 
Tiger-l>eetle8, are active, predaceous Goleoptero feeding on small 
insects which they run down. Tho larvae live in the grotind, but, 

protruding their head, capture withliglit* 
ning rapidity any insect TThich comes 
within range. Tho family, which contains 
some 1,400 species, is cosmopolitan but 
mostly met with in the tropics. Cicindela, 
the British tiger-beetle, has five species in 
our country (Fig. 462). 

Fam. 5. Carabldae. Differ from tho 
preceding in that the clyp>eu8 is narrowt'r 
and the inner lobe of tho maxilla has tho 
hook not articulated. Antennae pubescent. 
Hind legs not markedly different from tho 
middle pair. The ground beetles comprwo 
about as many species os the Scarabaeidae. 
The lari’ae aro compodeifonn and active, 
with large nippor-liko mandibles; both they 
and tho imagos are as a rule carnivorous, 
and devour insects, worms and snails. A 
fow have the wings rudimentary, and those 
which dwell in caves are often blind, e.g. 
Anophthalmus. Carabus, Dtmbidium, and 
fiarpalus are Britisli genera. Plcrostichus 
(Fig. 378). 

Fam. C. Ampbizoidae. Antonnoo not 
puliescent, outer lobe of maxilla without a 
joint. Hind legs modiGcd for swiniiniiig. 
1^*1 1 I , . . family has but a .single genus Ampkizoa 

and iniaginal stages in swift streams clinging to stones, 

minL"5‘ Antennae not pubescent, outer lobe of maxilla 

T ?«1 Hmd legs adapted for ewimnung. Tarsi longer tlian tibiae. 
r, s family has also but ono genus Pclobitis fornid in Britain. Soutli Europe, 

ei'^antl^n Tho hirva has a superficial resornblaneo to a 

fur::ridZin; o'gat" 

.Mctaatemmii fuw*'**f ten-segmented, not pubescent. 

whSrnm Irf suture. Tho coxae of hind legs form plates 

Tauit /wt 1" ''r Sniall oval 

ZZ msZt " processes, which 

British, with a hunZd s^c"f"" 

only. Outer lolx, of rou.illu to!L a Uvu- 

STamUv ‘■•-'■'-•or.o suture. A moderete 

teSnl ^^0 LZ. “ "-“‘O'-beetles most ubrmdunt in the raider 
tenons. Tho lan-ao are active and ferocious creatures suckinc ito tlm 

juices of their prey through hollow mandibles inZos car 7a su^ 

of mr under the elytra. Many of the males have a ZZ pZVr sucker 


Flo. 4C2,— fi CiHndf/a campfs- 
eltd lar\‘a nitli tlic twa 
norenl hwka orv the nflh 
abdominal segment. 
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Sub-order 3. POLY MORPH A, 

AnUnnne usuaUy clubbed or toothed on inner border. ThiB o loo^ly 
defined sub-order of some fifty families of very varying importance. 

Fern. 10. Paussidae. Antennae usually %>ith two segments. Long 
elytra but not covering end of abdomen. Tarsi with five joints. Small 
beetles of very bizarre appearance frequenting ant's neste. They 
to be popular with the ants, whose Iar\*ae and eggs they eat, but tl)o re/uson 
of their popularity is not very apparent. Pausnu.<9, 

Fam. 11. Gyrlnldae* Antennae short. Meso- and mota-thorucu' 
adapted for swimming. Each eye divided into two. Tliese beetles uri' 
termed whirligigs from the mazy dance they perform on the surfat^o of 
the water. They are cn^phatically surface dwellers, anti if they dive they 
soon ascend again. Tl»o ]ar\'ae are long, and the nine ubdonunal segments 
boar each two feathered branchiae. Botli larvae and iniugos nro car¬ 
nivorous. Oyri'nuii, u’ith eight Britisli species, and a single species of the 
nocturnal Orcrtockilu.'^^ represent the faniily ui thiJ^ countrj'. 

Fam. 12. HydrophlUdas.* Antennae with less than eleven segments, 
sub-dividod into three regions. Palps of first nia\il!f» often longer than 
antennae. Fiv'o visible segments in abdomen. 

A coamopK>litan, large fomily mostly aquatic. 

Ht/drophiluA ptceus(Vig. 460), Britisli, earries 
fi layer of air, renewed by the acliuii of the 
antennae, cntanglctl in hairy patches bt'^neath 
the body: among these patches the trucheao 
open. Egg-cocoons aro unusual amongst 
Odeoptera, but many niemt>ers of this family 
construct them. Sperch*iuf, Brili.sh, carries 
its cocoons Iwneath its abdomen. The larvae 
ore carnivorous and os a rul^ aquatic. 

Fam. 13. Platypsyllldae. Wmgless. An- 
teniuu* with three 8<‘ginentH, the <>f wlii<h 
is sunk in the second : both second iirul third 
l>oar long setae. The inontum is tri)olM*<l 
posteriorly. This family consists of a single 
spc'cios, Pla(yjp/^;fUu9 which lives and 

lays its eggs lunongst tho hair of the lieaver 
in both tho old and new' world. 

Fain. 14. Leptlnidae. Antonnao with eleven 
joints, thickening towards tip. Eyes absent 
or imperfect. Five tnrsul segments. Elytro 

conceal abdomen. Two genera. Lrp/miV/ws whicli like Platypeyllus lives on 
beovorH, and Prptinus which lives on mice and in the nests of huinblo- 
l>ocs, each with a single Hjxjcies, constitute this family. Tho latter genus 
is British (Fig. 403). 

Fain. 15. Sllphldae. Rtruight, clubb<.*d antonmu), usually eleven- 
HcgnicnU'd. 'J'aisi usmilly five-iwgmeriled. Abdominal eegmonts usually 
Jjvo or four, rarely Boven, visible, but the anterior thrt'O turga at IcfASt aro 
membranous. Tho Carrion-bee tics form a largo co.sinopolitan family, 
very varying in siz4*. Tho wolbknown burying l>ootlcs by making txuuiels 
undcrsmall dead inaniinals and birds, succeed in intorring them, un<i then 
devour them in peace. Many species dwelling in caves are sightloss. 
Others live amongst moss or under bark. The larvae are active with 



Fie. 443.— L^ptinxu tftUutu*. 
iihuin. Fruin 
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well dovclopcd tcrga, and somewliat resemble wootl-Iico. Those of Silplia 
run about in search of carrion. 

Fain. 10. ScydniaeDidde* Mintito. Fivo-segmentod tarsi. Six 
visible aWominol segments. Elytra cover, or almost cover, abdomen. A 
cosmopolitan family of very small block or brown beetles living amongst 
moss, under bark or stones, and in anU’ nests. TJioy feed on mites. 

Fam. 17. Gnostldae. Minute. Five-segmented tarsi, throe seg- 
monted antennae. Elytra conceal abdomen which has apparently but 
tliroc segments; the apparent first however consists of three fused plates 
Two species foimd in ants’ nests in South America constitute this family. 

Foni. 18. Pselaphidae. Minute. Elytra shortened so as to cover at 
moat half the abdomen. Maxillary palps large. Abdominal segments 
rigid. Tarsi threc-segmented. A large family of peculiar beetles; most 
found only m tmts' nests. They produce from pubescent tufts some 
soc^Uonwhic^ the ants eat, and in return, at least in some cases, tho ants 
feed them. Clavigcr has been seen to eat tho ant larvae. 

Fam. 19. Staphyllnidae. Elytra shortened so os usually to cover but 

i abdominal terga visible, and these 

arc hardened, and the segments very mobile. Three to five tarsal segments. 

itspecies known 
t'h ' " ® coach-horses.” The metathoracic wings. like 

e Za under the minute 

?• ^ P® They are usually long and narrow, 

otr A^e^w s '* ’ ■* T carrion, snails, worms, other insects, fungi, 

^dcifori The lar^•ae are active and com- 

aro obt^tod Th r single claw. Tho pupae of some 

7 exudation wldch fastens 

Fam oP*" sISm ^ VT' British. 

Threo-semonted / E‘®^'®n“«>gn»cnte<l, clubbed antennae, 

beetles STut t r*' r abdominal sterna. Very sniaU 

sr:iSrS'T“=“ 

measures butone-hiindredthof.m ''f Insects. NanoselUi furvji 

British apQ;io 3 . length. There are some eighty 

South Europoau ™ ‘ 

wifhTour"Lg™:;j!“fyj,T«..i 

but email family of niinuto Msiblo. A nidety dietributod 

eeparated. F«tl.nrnx closely applied 

segments to the tarsi. This'funiitv- ,•« . .i segments. Five 

very active members which live amon'r'T distributed, with 

Fun.. 25. S,n.,Uld.,. ‘wLriJbZ' -rZ 

terg. A^widely distributed 

exuding from plants. ^ ^ species w) ch feed on sap 
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Fam. 2C. HIsterldae. Compact, hard, beetles. Antennae short, el* 
bowed and clubbed. Elytra very frequently with clear-cut striae, cut off 
behind, leaving two abdominal terga exposed. Tarsi with five segments. 
This is a jnoderate-size<i family, the members of which are found in dung, 
carcasses, or amongst decaying vegetation, and in ant-heaps. The larvae 
ore ch)ngute, soft, but with well-developed mandibles and short logs, 
lloth larvjM) and images arcsiiid to live on Dipterous and other maggots. 

Fain. 27. Phalacrldae. Compact beetles. Elytra cover abdomen. 
Antennno slightly clubbed, with eleven segments. Pronotura as broad as 
bo.so of elytra, and overhanging the heatl. A small widely distributed 
family of small beetles. Tho larvae frequent the infloreecencea of Com¬ 
posites and pupate in eorthom cocoons. 

Fam. 28. Nltidulldae. Antenna© with eleven segments the lost throo 
of which form a club. Tho coxa© of all the legs separated, and each with 
an outer prolongation. Tarsi with five segments, the fourth small. A 
moderately largo and divers*' o-ssemblago of small beetles wliich inhabit 
flowers, vcgotablo refuse and curciieses. Some livo under bark, eating 
tlio larviio of wood-boring insects. Tho genera Mchgethes and Epura<a 
aro uhundant in Britain ond some of tho former injure rape crops. 

Fum. 29. Trogositidae. Antonnao with on osyminotriciil club. Fivo- 
segmonted tarsi, tho first segment much reduced. Coxae of motathoracic 
logs in contact. A small but widely dis¬ 
tributed family witli predoceous larvoo 
that feed on other insect larvae. They 
live under bark, amongst corn, etc. 

TroQosita is cosmopolitan. 

Fum. 30. Colydiidae. Antennao short 
and clubl>od. Tarsi with four segments. 

Pro- and mcso-thonwic coxa© round and 
sunk in body. Five visible ulalominol 
stoma with little mobility. Tho mom- 
bore of this family lodge in tho cracks of 
tho bark of moss-grown trees, often lead¬ 
ing very scdenUvry lives; many aro said 
to l>o ilisappoaring with tho dostruction 
of tho primeval forests. Diloma is British. 

Fum. 31. Rhysodidae. Tarsi with 
four sngmonts. A largo mentum hides 

tho moutli-parte. Front tibia notched. A very small family found mostly 
in the tropics and sub-tropics. 

Farn. 32. Cuoujidae. Antenna© eleven-segmented, rarely clubbed. 
Pronotum often toothed luU*rully. Tarsi with four or five segments. 
Antorior and middle coxa© globular and imbedded. A large family of 
insects of somewhat fluttenod, oblong shape, usually found under bark. 
Silvanu* mrinamenais however lives amongst grain. They ore most 
abundant in worm climotos. O 

Forn. 33. Cryptophagldae. Differ from tho preceding in having largo 
terminal iK^gmonts to their antennao. Tarsi five-segmented, but a few species 
have only four segments in the posterior legs of tho male. A small family 
of minute l>eetlcs said to oat mould; they Jive all over tho world but aro 
rnoro numerous in temperate tlum in hot climates. They usually frequent 
vegetable debris, but the larvae of Anihtrophagua lives In humble-bee 
nests, and those of CryptophaguM in tho nests of wasps. 



Fio. 4S4 — ertnata (Coly 

dH<UeJ Urltsln. A larva (utter 

PerrU) ; B perfect (meet. 
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Fam. 34. H6lottdft6« Anterior and middle coxal cavities round, coxae 
wide apart. This family is allied to the Nitidulidae but differs in the struc¬ 
ture of the coxae. There is but one genus, found in Japan, the Sfalay 
peninsula and East Africa. 

Fam. 35. Thorictidae. Antennae short, clubbed. Front coxae small 

and not transverse, metastemum very short. Torsi with five segments. Only 

one genus Thonclut found in Ants’ nests around the Mediterranean. 

^am. 36. Erotylidae. Tarsi apparently four-segmented with the first 

ioints broad and pubescent; there is however a minute fifth 

seg -It. Antennae clubbed. Coxal cavities round The family is large, 

mainly found in hot climates; the members of it feed on fund. Trikyma 
is British. 


Fam. 37. Mycetophagidas. Tarsi slender, all four-segmented, except in 
tho males where only three segments ore found in the anterior limbs. 
Coxae oval not imbedded. Small beetles often with rod or yellow dote, 

found amongst fungi, especially such fungi as attack timber. Widely 
distributed. Liktrgus is British. 

Fain. 38. CoccIoeUldao. Four-segmented tarsi, but only three seg- 
monte wible easily os the third is sunk in the second ; first and second pubel 

1 J K short and clubbed. Pronotum largely concealing head, 
he lad> -birds, Coccinclla. are a largish family of some 2,000 species. The 
arN'oo are oval with tubercles U-uring hairs; they devour plant-lice and 

Tarsi really four but apparently three- 
I- 'rarrronrr'" : but the clubbed antennae Ld the 

Thorhvr nr . r ropresentativea in cold cUmates. 

iraj live on plants especially erj-ptogams. 

tcri-.r'^nd tnrsi usually slender. An- 

infwcts found I’ g ob^nr. A email family of small fimgus-eating 

romj' front coxal acetnbula 

disfrilmfed “ *ban elytra. Minute but widely 

U’he inr\ u' are beetles, witli weakly developed mandibles?. 

O^bris and ca^ ZmKd'L?!; 

tliird'^Wmentf t tarsi,but as the second and 

they aro appar.„tiv onl! / ‘ho fourthand the broad basil joint, 

genus, the Americon Admic but one 

A smallish family of co<»moDo)itAn ] ^ groove under the pronotum. 

while others oc Dennlj,!^ P htan booties, many of which live on plants, 

live on dried animal matter and mostly 

structive in zoologic,U mLTI rl rauseorum* is often very de- 
of hairs, and Duoato inf),..;r / , ornamented with dense tufts 

without water though their bodioa'7onta!lI"a capable of living 

as other insect larvae contam as high a percentage of water 

44. Byrrhidae. Five-segmented tarsi. Legs short: the tarsi 


• A. J. Ewart, J. Linn. Soc. London (Zool.). xxx, 1007, p. 1. 
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can bo folded back into grooves on the tibiae, and all the legs closely press<*d 
against the body. These Pill-beetles are round and very convex. Tlicy 
live amongst moss, or in running water, etc.f and food on sap. The 
larvae are soft except for tlie protliorux and lost two abdominal 
segments which arc strongly chitinizctl. The Pilbbeetle Dyrrhus p}lula 
is common in Britain. The family is small and cosmopolitan. 

Fam. 45. Cyathoceridae. Tarsi not segmented. Antennae four- 
segmented. The only species of this family is the Central American 
Cyathoc€rxis ftorat, a ntinute, brood beetle. 

Fam. 40. Georyssldae. Tarsi four-sogmentM. Antennao clubbed 
and short. Prostenuin^ small. Front coxiio exserted but sej)*iratcd. 
Minute booties of which only some twenty-five species are kie^wn. 
OeoryHsiis is British; it lives in wet places and covers itself \Nith mud. 

Fain. 47. Heterocerldae. Elevon-M^gmonted short anU nnae witli flio 
hist seven sogincnts broad and forming a toothcil club. hour-S4*gnicrU4’(l 
tarsi. adapted for digging. This family has but one genus. 

Hcterocf*rus. It lives in hurrc>wK on the t‘ilges of ponds uiul streams. 
By rubbing tlmir third pair of femora on the first ubdoininal stenium 
the ties produce a shrill noise. They are most abuudant in the nor¬ 
thern U^rnperato 7.on('. Seven species are B^iti^h- 

Furn. 48. Pamidae P'ive segmented tar.si, hist segment eloiigiit»\ 
Head usually hidden beiu^ath pronotum. 'i lie 
prosU>rmim projects bucUaurd and is received into a 
groove on tlio luesosternum. Not a largt* family of 
small, iKpiutic Ix^ctleH found ull over the world. 

Parnuft is Kuropoaii, P/^rphenu^ Anuriean. 

Fam. 40. Derodontidae. Five* si*gjiM'nled 
foiirtli fM'ginent blender ami simill. Anterior c<*xiii' 
pnjminent and transversely oxtendetl. A famjly of 
very few species <lividc<l hi*tuec*n the gem JMro* 
flontus and Ptl(nM(irt<i of the Hohirctic Hegion. 

P'ain. 60. Cloldae. Four-.segmented tarsi. An- 
tonrmo clublxd, short. Anterior ami midillo mxive 
Minull and (le<*ply emhetlded. Sriiall or minulo Is'ctles 
which browse on fungi, espeeially on (hose infesting 
limber. Cis. 

Fain. 61. Sphlndldae. Tar.si five-segmented. In 
other respects this family re.s4'nd>les the ( 

and lik<? its inoiiilxTS these Ix'etles live on fungi w hi* li attaek timIxT. 
Sphiwlufi and Aspidtphoruft ixro British. 

Fam. 62. Bostrlchidao. 'j’arsi (ive segmeiitixl, the tirst M'gmeiit wry 
sliort. Anterior <'oxao conspic'iKMJS hut not in eontmd. 'I bo lM‘et]i<s of 
this friinily \i\o in wood ami do much daiiiuge in forests. The larvae have 
a swollen tlionix and the emi of the ahdojjicn is turned forward venlrally. 

Farn. C/A. Ptinldae. Tarsi five-wgmented, first tM^gmont often larger 
tlian iMMxind. Anterior (‘oxuo small. Pronotum covers heiyl, prostemurn 
sleirt. 'l*his is a large family of small f^bhing l>e<dles with thick integu¬ 
ments. They live in organic mailer: the death-watch, Afiobiutn 
ft(ria(um (p. 723) bores in furniture both os a larva and os an irnugo. 
As u riiU^ the Ixetle present in “ weevily *' biscuits is A. iHinirvum (Fig. 
4fi6), and others boro in books, coiiipressed meat, opium, etc. I'ho larvae 
are curved, white grubs like tiiiriiuiuro cock-cliafor larvae. The family 
is widely distributed* 



FIO. 405. 

inurum 

S)urji. 


• meruit- 
.1 m 

r r<iiii 
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Fam. 64. Malaeodermidae. Elongate, soft skinnod booties with 
seven or eight free abdominal sterna. Tliis is a large and varied family 
of moderate sized beetles. The antennae ore often scrrateil, tlio tarsi fivo- 
segmented. The lar\*ae vary greatly and ore predaceous and camivoroxis. 
This family includes the glow-worms Lamjiyris nochluca, Luciola iialica, 
etc. 

Fam. 66. Hsiyridae. Antennae serrated or filiform. Six abdominal 
sterna visible. The Afe/yndoe ore soft-skinned beetles that frequent 
flowers, but the larvae are carnivorous. Malachius, which gives an 
alternative name Malachiidae to the family, has British representatives. 

Fam. 66. Clerldsd. Tarsi five-segmented, but the proximid segment of 
the liind tarsus very indistinct. Thorax narrower than elytra, hood con¬ 
spicuous. Antennae often clubbed, seldom serrated. Five or six visible 
abdominal sterna. A varied family of soft beetles often brightly colouretl. 
They are predaceous. The larvae ore hairy and browm or red; tlioy feo<l 
on other insects notably on Dipterous and H3m3enopterous lar\'ao which 
they find amongst carrion or vegetation. TUlus, Laricobius. Cylidrus. 

Fam. 57. Lymexytonidas. Torsi five-segmented. Anterior and middle 
coxM placed longitudinally. Antennae short and serrated. A small 
family of under two score species of soft, longish beetles whicli bore in 
hard wood. The larvae of Lymexylon navaU were very destructive in the 
tmio of wooden ships. That species and HyUcottug dermestoides ore British. 

am. 68. Dascillidae. Antennae serrate or filiform, arising close in front 
of eyes. Anterior coxae inserted apart, posterior close together. Five 
visib 0 abdominal stemo. A ^ridely distributed family of smallish beetles. 

subte^me ® British Hydrocyphon, are aquatic, of others 

Fam. 59. Rhlplceridae, Five-segmented tarsi with a hairy, chitinous 
process between tlie claws. The male antennae bear long processes. 
Mancbbles strongly meun’ed. A small, chiefly tropical family. The 
cylmdnc^ larvae sometimes live in timber. Rhipiara, CaUirhipig. 

rtun. 00. Elaterldae. Antennae serrate as a rule or pectinate. Pos- 
tenor angles of prothorax conspicuous. Five >i8ible obdominal segments, 
iheclick-beetlesformalarge family capable, when they fall on their backs, 

= righting themselves. Tliis they do by 

suddoiUy forcing a prostemol process into a raesostemal hollow or “ catch.” 

larvaroM^^*^” nieso-thorax is a loose one. The 

worm K f^ p-jack beetle Agrioteg Uneatug, sometimes termed the wiro- 

rnu^'dam ^ ''•ith the Myriapod Julug terregtrU, causes 

Zabw Z^" *7 The fiie-flies of the tropics. 

cosmo^I^""' belong to this family, which is large'and 

Buprestldae. Antennae short and serrated. Head partly 

IfitfrisSieTZ , mesostemal deprLon 

bark or in ^ family of beetles which feed under 

metallic ho tli t ^ climates. Often higlily ornamented and 

metalbc, so that the elytra are used os decorations. The larvae usually 
have a very broad and flattened thorax. ^ 


Sub-order 4. HBTEROMERA 

Fam. 62. Asglalltldae. Coxae widely separate. Fiv# abdominal 
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etorna and tho tip of tho i^ixth visible. Tliis fnmily comprises two small 
and rare l>ootles from North America. 


Furii. (i3. Anthlcidae« Head with an abrupt rarrow neck. Ba^so of 
elytra wider than prothorux. Antennae filifrrm. A numerous and 
cosrnopulitAn family of small beetles which 


oitlier live in dead wood or fix'ejuei t sandy and 
earthy spots. 

Fam. G4. Cantharidae.* Head rarrow behind 
eyos. B(wso of elytra narrower prothorax. 

Each t4\<*sal claw has an appendage. The oil- 
and blister-bootles arc of fair size* and form a 
large family. Tlioj'often contain some irritant 
which misos Idisters w'hcn applied to the shun 
e,g, Lyiln vetncaioriQ^ X ho Spat)ish-fly. 1’1 h • 
larvae, in many coses (Fiq. *107). arc ot lii^t 
oedivo and eampodcifonn* but laUT inert, moti<in> 
e.ss and riiaggotdiko ; just indore pupniing* how¬ 



ever, tlioy ag4iin become aotiv'c, tliough they take 
no fo<Hl. Sitaris humcrulis^ British, infests in 
tho larval stages the nests of tho \yc;o Anihophora 
and devours first tho egg of the l>eo and then 
tho honoy stored up tis food for tlio l>co tarv^ic. 

Fatii. G5. Cistelidae. Allied to the Tone* 



brionidiin. Witli pectinated claws. Anterior 46 s._a no/o* 

coxal ca\ itii^a closi'd l^ohind. Tho Ci^trliJae ; b Aumcra/M. 


nro a ec^smopolitan family of moderate size. Tho 
larvae iirv said to cat dead wood. 


Fam. iW. Lagriidae. Aiit*'mmo filiform. Anterior coxal cavities 
closed, claws Miiooth. 'PIkso booties arc liuiry *ind tho lar\'ao often 
Iiave tufts of Imirs; tho latter arc found on leaves. Tho family is very 
moderate in size an<l wi<h*ly distrihutod especially in worm countries. 
Layria htria is tho solitary British representativo. 



Ffo. IS?.— He tAniorj>lK sit humeratiM (After Katire). q Fini UrvAl lono ; b scooimI 

1 irvaJ tonn ; c |JAeuau«pu|)a ; d ll)lr<l bival fomi ; 4 pupa. 


* Moloidoe of some authorities. 
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Fam. 67. MelaodryidM. Antorior coxal cavities open behind. Claws 
smooth. Heal partly hidden by pronotuin, not constricted behind. 
A smallish family of beetles widely distributed in temperate climes. The 
larva© are cylindrical, with head, thorax and posterior segment chitinous, 
the rest of the body soft. Melandrya, etc., are British. 

Fan^y 08. MordsUldae. Antennae filiform, slightly serrated. Head 
constricted behind the eyes, and easily bent down on to the prostemum. 
Anterior coxae small and spherical. Body convex. A family of active 
beetles, found often amongst flowers. Mbrdella, Ancupii. 

tarn. 69. Monommldae. Small, oval beetles whose ports are capable 
of being packed together in a ver>' small compass. A small family un¬ 
known in Europe. 

Fam. 70. HUlonldae. Broad, rounded forms with extensive inflected 
portions of the elytra. Anterior coxal cavities closed, though they 
appear open because the tips of the epimera are free. A small, chiefly 
South .American family. fo«md amongst fungi. 

tarn. 71. Osdemsrldse. .Antemme long and filiform. Prothorox 
roimded of. the edge. Hchu not constricted into a neck. A largish 
cosmof>,)litan family of rather soft-skinned, brightly-coloured beetles 
living 111 fir,were; the larvae live in old wood. The lar\a of Nacerdes 
lueUinurn nves in tirnlx-r cast ashore on our coasts or ri%-er sides. Aacltra 
IS aloo iJntifth. 


Fam, -2. Othnlldae. Soft insects. «-ith the abdominal segments 
Bonu-niemSmuous posteriorly and very mobile. /Vntennae clubbed A 
very Biuft!! family rf doubtful value. Ofhutu^. 

Fam. 76. Pyrochroldae. Head constricted behind and carried hori- 
zonb^ly. Autemuu* strongly w-rrated or jw-tinaUKl. A small family of 
usuaUy n.,l. «oak l>eetles. which however fly actively. They ore re- 
pn^-iU^vl m Hntmn by VyrwhnHi sp.. the “ Cardinal heotlea” 

of tlTnr''*' . . ^rt^ated from the Melandryidae by tho shape 

of the proiioturii. which IS oval or heart-shaped and narrower than the baw 

lltri/'uT'' , haunting beetles, widely 

bsenhHU>d ,u l. niperate chinates. The very flat lai^a ol Pylbo deprf^Js 

Inea umlor tlie b»*rk of Britiah comfi^ra 

cmdtl .R*>‘P'Phorida 0 . Hes^mble ,ho Mor^Iellidae but have large 

A w (blv r t'-T V '".T in males, aerrute in fem^ 

A w^e V distnbutcMi family rv>pres.Mited in Britain by Metoems paradoxus 
who66 Idrvo provB nu lnr\*ao. 

-'“‘^nnae thickening at ends. Front coxa© 
iTh a -‘'■•ins closed behind. Tarsal segments not 

of^tht 77 Tn many species are incapable 

ortiml^r and m desert places. The lar^■He are cylindrical and vSy tough 
*7-7 ^’77 ^ Fenefcno ^jl,tor l-eing the well known meal-worm. 

V' Antennae long with lost threo segments 

shorten^ “^d produeed info angular processes. Strong and promoting 
mandibles This f^.Iy eonsists «f but two genera of very lar^ beetles 
found m Indian and Alalayan 


Sub-order 5. PHYTOPHAGA 

Tor« reaUy fiv^-segrruntrd. but only four ore eostVy seen, the 

founh betng rtduced to a small nng or tubercle at the base of the fifth. Ko 
beak or rostrum on the head. 
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Fam. 78. Bruchldae. Antennae serrated or pectinated. Elytra 
leave the posterior end of abdomen exposed. Posterior coxae onlargei 
Prosternum short. A moderate-sized cosmopolitan family of small, plain 
beetles which lay 
their eggs chiefly ia 

legujninouB seed- B 

cases e.g. pea-pods. 

The larva, as a rule, 
at first lias legs, but 
loses tliese when it 
roiU'hoH the seed 
wliich it devours, 

Driichus pi^ and B. 
fahae do much harm 
to poas and beans. 

Fain. 79. Ceram- 
bycldae* Antonnuo 
very long and their 
i (iseriion embraced 
by the eyes, which 
become hollowed out 
anteriorly. Body 
elongate and straight. 

Pronotum narrower 
than elytra. The 
longicoms form a 



PiQ 4«a.—BrueAu* pm ot p^»-w««vU. ^ 

UkmTcIo .plDOU* ; V po6t-cinl.ryoixlc 

m*BfUflod ■ pc*-pod. with tracItB ol eotry ; if portion ol 

^ vrlUi egg. Bnd#uU8oqoeutly foimed tr*clt, mBgnlfted ; 

Jplmago (Bfter alley). 


very varied, largo, and widely dietributod family of bnghtly 
and fair sized Reties. The larvae are soft 

mandibles and often without legs; they burrow m the stems of ti^ 
and herbaceous planW. Saperda populnM m tlus way injures the Aspen 

Ohrysomelidse. Antennae eliort or moderate in length; 
their origin not as a rule indenting the eyes. An extremel^ge family 
of Bmalb*h convex, oval, brightly coloured often 

in both larval and imaginol state Uvo on leoves. The l^ae aro ust^ 
fat grubs with three pairs of legs. HoUica nemorum is the 
meWpa eats com leaves. Crioccris a^paro^x asparagus, and Dcr^rx, 
dtet^eata is the well known Colorado beetle which devours potatoes. 


Bub-ordor 6. BHYNOBOPHOBA 

Hfod produced into a enout or rostrum. Tarsi appare^ly four se^m^, 
the third se^muru usuaUy bilobed and cervered with haxr beneath. A vety 
maU additional fc/tnt is prtstnt at the base of the terminal fotni, so that the 

tarsi are really five-joinUd. 

Fam. 81 Anlhrlbldae. Labrum disUnct. Antennae long and not 
elbowed, slightly clubbed. Kostrum short. Maxillary palpe flexible. 
Tliird tarsal segment sunk in second. A moderate family of pretty 
l^eetlea widely distributed but most abundant In warm cUniatea. They 
probably eat decaying wood and fungi. Platyrhinue latiroetris is British. 

Fam. 82. Brsnthlda*. Antennae straight, not elbowed. Rostrum 
straight and sometimes as broad as the head. Body elongated. A 
largish family of striking beetles found chiefly in the tropics, only two 
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specir. oc<-,irri.,g as lar noreJ. as soi.tl.f,-,, Europe. Tho feniulos bore in 
wood and bark by naans of tbo slmip luandil U-s borne u( the lip of the 

A"* in tl.c i.x.ubers 

of this family. LupsaUs, Cyphaifogu^^ ctv. 

lam. 83. Curcullonidae. Anlonnue ii.^inlly elbowed. Xo labrnin 

Maxil ary palps snunl niul np.d and eojKvnled ^^i^lun Die inoufli 'J*bo 

wec-v,U form an cnon.iuus eos.nopolilun family of over 20..n.U ^e,•^ 

vaned spee.es. The la,. . e u l.i-h fee.l on plants and their pro.lm.,.s an. 

vh plump ^„bs devonl of legs. They cause much los.s to I ho auienb 
timst. /^/iyneA?W{l.'i:r. 400). ote., eU'. n„,iMU 

Fa„> S4. Scolytidae. .\nfe,mae clubbed and elbowed, juaNillrrv 
p.dp.s sr rt and ngnl. but tJ.o rostrum oxtrorndy st.urt and broad. 



Fio. fv-. 

U II.* 


liuc iht* nr^l 


Iir'^iitii i»|i ,i I, 


''rn.ln. .1 1.11,.11.. I, •lit'. nniniin<-«l ; 

f ,1.0 n,| r.,ii. lu n„d (■ nUcr 


rJie atiterior til iac are of,..n tootb.-.l 4 , . r -« 

oylindrionl l.ec,l.s vil.i, h «itb *■ ' ' fnnniy of small .somewhat 

the species at work ihn Ur - ^ P“' ■ ot tl,e gall, nV.s varies with 

dcstnicU.r is the well-known - Kim "xeUe.'*’""*'’ 

nf any of tho farger group^mm'‘sbarp'r*' f" T* '‘*"**® 

Fom. 8.. Agl/cydeHdae". 
tarsi. No roetnmi. Tlio f.unily cond^ro L f ' 
gonus Agtycydercs scattered over sene of tl;e isInndsTf tT^°Vl“' 

Fam. 80 . Profe.hdhdae. Tarsi with we oldv ' * 

tho second lobed: a minute additional joint presAni 
terminal jomt. The female has a rostrum, which hanliv exists in OierndT 

Uiia'amiir" I^'-ds. constm:;^es 


STREPS IPTERA. 


< 


Order 20. Strepsipteu.v.* 

Minute inficcU; males freely flying tcitk large tih.tat/iordj:^ 
vings, the mesoihoracic 'pair being reduced to small di'm- "'’oyis 
(p. 615) ; no cross nervures. The parasitic female is reduced to n 
blind, almost formless sac. 

Tlie.sc extraordinary insects are by some autliorities iln— ’ 
with the Colcoptera. Their life history is as follows. The e;';: 
whilst still w'ithin tlic body of the motlier. whirli ii must beiv- 
inembercel is a parasite shut up inside the body oI some llyiueiu)p- 
terous or Hemipterous host, gives rise to a small aotj^ e, six-legged 
larva, known as a (riunyulin, so called from the three processes 
at th(' eiul of each tarsus. 

A single motlier may give 
rise to many Imndrcds of 
the.se microscopic, active 
larva<', which find their 
way on to the outside of 
the !)ody of the ho.st. 

Sooner or later they reach 
the laivue <>f the lio.st, 
and boring their way 
tlirough the skin etiter 
these larvae and com¬ 
mence to ft^ed on tlieir fat 
body. \VI»-n Die bo.sf.s F... .70 - ' 

larva pupates, the larval 

para-sito pushe.s one end of its body througl. the soft membrane 
uniting two of the abdo.mnal .scg.ncnt.s. If tins host-larva us 
about to turn into a male, (he parasite in turn pupates, and 
from tl.c pupa emerges the wing<al and oc-t ive male Strepsipteron ; 
but if the host -larva be de.stined to become a female, the paras.te 
undergoes little but retrogressive change, until it becomes a 
fcinc.lc Strepsipteron so degenerate that it is still a matter of 
disput. as to which end represents the head and which the tail. 
The male seoin-s to live but a very short time ; in the case of Xuws 
about twenty rninuUs, whilst the male AVi//o/w lives a day or two, 

•Von Arch. Nutunj. ix. p. 137. Sovr ju,rt. Tr. Unn. 

AW IK^I i> 351. Ntu'HonofT, Xool, Otntrfil., i, 18!)4, Moinort, 
MtiUlcL.w. is’uo! i>. 148. uncJ Ov. Ltamkt. HcUk., IBUO, p. (17. U»iu»dt. 
llor. Hoc. Knt. Uosa., xiv, 1870. 
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the whole time being spent in a feverish search for mates. As a 
rule but one Stulops, ot at most two or three, live in one host, 
but they are extraordinarily prolihc. Ten specimens of Xenos 
have however been found in the body of the wasp Polistes. 
Some observers m^tain that parthenogenesis is met with in 
this Order, but the matter requires renewed investigation. 

Pam. 1. Stylopidae. With the characters of the Order. StyUypa, 


Order 21. Diptbra.* 

OTie pair of winga^ (Ac mesothoracic, present; these are 
vier^anous; the hind-wings are represenied by a pair of 
.^Med proc^ses, the halteres ; the thoracic segments are much 
fused , mouth parts piercing and sucking, variable. Meiamor- 
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Tho Diptera form an enormous Order with over 40,000 de¬ 
scribed species. They are aa a rule unpopular insects, seldom 
considered attractive in appearance and usually unpleasmg m 
their habits, difficult to catch and iii many cases to preseive. 
Probably the known species bear a smaller proportion to those 
that exist than is the case with the other Insect Orders. 

Diptera are flies in the restricted sense of the word, and they 
are easily recognized by the possession of but one pau- of func¬ 
tional wings, and frequently by the halteree • which replace 
the hinder pair (Figs. 365. 368). The Utter, however, are not 

always readily observable. 

The head (Fig. 471) ifi usually a somewhat flattened sphere, a 
large portion of whose surface is taken up by the facetted eyes, 
especially in the male. In about half the Diptera there is a 
curious concealed vesicle on the front of the head, ci^ed the 
ptilinum. During emergence from the pupa it is distended, and 
may help to rupture the enclosing shell of the pupa. In mature 
ffies it is quite introverted, only a small space {lunula) under an 
arched suture indicating its existence. The antennae are usua y 
short and exhibit variations useful in classification ; usually 
they consist of but three segments ; the two basal form the 
“scape,” the terminal is called the “ flagellum.” It frequent 
bears a bristle called tho “arista.” The mouth-parte lu 
complex and subject to great variation. In the gnat or mos¬ 
quito we find the labium a soft, deeply grooved structure. In 
its hollow lie (i) a pair of wonderfully sharp and fine stylets, 
the mandibles; (ii) another pair of slightly coareer stylets, the first 
maxillae, which are provided with palps ; (in) a median style, the 
hypopharynx ; and finaUy (iv) the labrum, with which is fused the 
epipharynx. The last named compound structure is so deeply 
grooved as to be almost a tube, and the fluid food of the insect 
passes up its hollow. The maxillary palps stand free of the 
proboscis. The labium ends in two diverging labeUae which 
guide tho piercing mandibles, maxUIae, hypopharynx and 
labrum and epipharynx, as a player guides a billiard cue between 
his two fingers. Whilst these parts are being pressed (Fig. 472) 
into a yieldinff substance, the labium is bowed more and more 


* dXr^^f sdumb-belU which the Greek ethlotea iiaod to give impetos 
In jumping* 



740 


CLASS IV. INSECTA. 



-^3 !■ i 




iiiuMlIi* of nac'i/i: fnuU 

nia<hili.-J '.iit.T N'lllall ;u.J M'.Mcv*’ 
J labium , :• ui.n,.,, at.a oi.,.’ 

r*lwr>u.v; j lit.t miixilU; j nan- 
fiil'lo ; i5 labdluo, 


liackward. In the male the mandibles arc absent and the hypo- 
plmrynx has fused with the labium. 

Xlie head is joined to tlie thorax by an unusually flexible neck. 

J The segments (»f the thorax are 
nmeli fu.sed and tlicir limits diffi¬ 
cult to make out. Tlie v.'ings are 
meml>ranous and, except in Culi- 
cidar (hig. 473), devoid of scales; 
the cells ” are never numerous 
(1*11:. 30ft). Very frequently at 
the posterior side of the base of 
till' wing a notch separates a 
small It.he, the alula, from the 

«ii'iriiur>iix, rmimiii.I!'!' 'ami'"'^ ’iig ; aiul still nottrcr 

I'll- nasc one or even two more 
lobes may bo .seen called the 
m'tmi (or anfiterjuht) and /cj/u/a. 

foKlina back of the win^, 
n'pese Hc 3 aln,ost 

crumplf-u on the abdomen. Ti„. jjj] 

knobbed str,...,„rcs 

r’7' "Pl-^rpi.tlv sensorv 

■ ."f,,03311,Iv 
■■Xn.luhu,,,,. The Ic,„ 

'-'■-lly I'uirv. The .„r3,» ),,, 
al«ay.s ai.gment,,, „n,| termii.ucs 

.nt>v.,ncii.hcvc,opcdci...,ondc;:::;:,: 

y‘‘ " f'-''" P^xl. the polvilh,3 • kill 

a mcd.an em,,Ohio,,. 

sent between tlie elaw.*?. ' 

The “Women may show .„a„v 3, 

nme8egmen,,s,F,p.3,ir,)o,-a3hn,,,f„„; 

In the latUM- cns,. „ ^ • 

segments are « 

into those in front a,„l,|„.|i,„; 

ninybopre^ 

tvhich expands under muscular elCt '.rh^I^d all""' 


1,1 

> t ! ,• 



\ ^ 'ti VI 


f J'V <73 - on c*\cf* of 

tt.f* inofifii'lt* m tculi' 

T^ rint^. infill,iHod (alUT 
aint Slii|i|<>y), 
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or reservoirs apparently belonging to the fore*gut, in which the 
juices are stored before digestion (Fig. 381). The usual number of 
malpighian tubules is four, but five occur in some families. 
Certain curious projections into the lumen of the rectum, termed 
anal papillae, are conspicuous in this order These eminences 
are abundantly supplied with tracheae. There are a pair of pro- 
thoracic and a pair of metathoracic stigmata of complex design, 
and a varying number of pairs of abdominal stigmata much more 
simple in structure. The nervous system shows a great tendency 
to concentration, but in some families, e.g. the Cuiicidae, there 
are five or six abdominal ganglia. 

Most Diptera are oviparous, Tlie larva which leaves the egp 
is usually an cruciform maggot (Fig. 474, etc.), without true legs. 
“ Pseudopods ” and other aids to locomotion may exist. The head 
is usually small and in the true maggots may he much reduced, 
jiractically invisible, and tucked into tlie btxly The larvae 
may be peripneustic, i.e. with stigmata arranged along the sides 
of the body ; or amphipneustic, witli only two i)airH of stigmata, 
one at the posterior end of the body, the other near the anterior 
end ; or metapneustic. that is. with only one pair of stigmata, at 
the posterior end. Many dipterous larvae are aquatic, and 
tlien tijoy are often nictapneustic, and penetrate the surface film 
with the [mrt of tlic body bearing tlic stigmata, thereby exposing 
tlie latter to the air. Others are found in carrion, amongst 
plants, and in decaying organic matter generally, while many 
dipterous larvae are parasitic in the bodies of other inseete. 
Eitlier tlie last larval skin is cast away, and the pupa is an 
ohUK ted pupa, lying expos*^. but jirotccted by a hardened 
chitinouH exudation, which may fasten the appendages more or 
less to the body ; or the creature changes to a delicate pupa witli 
free appendages, within the lust larval skin, whicli remains as a 
tougli enclosing shell, frequently calle<l the pw/wriam. This 
latter pupa is spoken of os a coarctate pupa (p. 051). During the 
pupa-stage there is a considerable amount of histolysis, the 
tis.iucH breaking down and reconstituting themselves usually 
from certain centres of growth termed imayintU disrs (p. 051). In 
some forms such as Chxrfmonius and the Culicidae many organs 
of the imago are alr(‘ady formed in the lu.st larval stage. 

For purposes of identification the DipWra may be divided 
into five groups : (i) Neinocora, (ii) Brachycora, (iii) Aschiza, (iv) 
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Scbizophora and (v) Pupipara. The first two groups have an 
obtected pupi. and the imago emerges through a dorsal slit in the 
pupa-case. In tlie case of the Aschiza and Schizophora the 
pupa-case is formed of the skin of the last larval stage, though 
this is altered by chitinoua deposits and shrinkage, and the 
imago emerges by a splitting at the anterior end. The last 
group, Pupipara, consists of certain aberrant flies and is probably 
not a natural assemblage. 


irroup 1. SStiMOiJERA. 

A^nnae ai least seven segmented, not ending in a hrisUe. Palps 

un^ four or segments. They are long^ as are nstially the legs and body. 

Fom. I. Cecidomylldae. Minute delicato flies with very few wine 
norvures. The Gall-midges form o very extensive and cosmopolitan family. 
Antennae elongated with rings of haire. Ocelli very rarely present. 

The head is large^ the 
entering are inonili- 
form with tliirtoon 
aogmonts in the female 
and twenty-four at 
least in the male. 
There are eight eeg- 
monls in the cylin- 
drifol abdomen. Tlio 
lain'oe are small mag¬ 
gots with os many os 
t h irteen postcephaj ic 
segmonta. Tlie ven¬ 
tral surface of the first 
of these segments 
boars a chitinoua pro¬ 
cess of debatable 
function. Many of the 
larvae burrow in 
plants and their pres¬ 
ence produces galls 
and other vegetable 
molfonnations. CVet- 
Hessian fly, weakens the steins of \n * . '^omyia destrtictor, tho 

C. iritici attui-ks tho flowers of th« ****!^ cau.ses thorn to bond over, 

m Miastor and in Oliyurcts tho plunts, Puedogoneais occurs 

tho tissues of their parent Ln.i finallv I which live on 

«n its skin. its body by boring a hole 



Flu. 


with protruded oviiK.sltnr • 


(after Wagner), a fenwie 
f* larva ; c pupa, 


more wing ncrtTires and tvith ocelU “■‘^tho previous family with 

Legs spiny. Tliis cosmopolitan famiN- whorls of hairs, 

midges or Fungus-gnats as the larvti. live known as Fuiigufl 

plants. They aro long, fleshy maggots some decaying 

pupating, or make an earthen cell ^ spin n eocoon bcL-ro 

y» Scicra ccreta a 
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and os they arc pr«*pnrioiia and thojr respective mucoua sheaths fuse to- 
getiicr, wtiole colonics in liands or ropes several yards long may be seen 
rnigrating. Mycetobia Hritisjlj, has t^rminrU stigmata.* 

Fam. 3. Blepharoceridae. No diseal cell on the iridescent uinga. 
Eyes divided into an upper Imlf with largo ommatidia and a lower half 
with small. Tina family is European 
and American. The flies hover with a 
<laiuing flight in the 4ur The larvuo 
uro very romarkablo, and more like 
minute Polyohoets than maggots. 

Tliey cling to aubmerged stones by 
means of a row of M ntral suckers. 

The pupa is also aquutii*. Xtponcura 
IH Euru|>eanp DUpharoctra is common 
lu tho cooler parts of N. America. 

tain. 4. Culicidas* Antomiaouith 
rings of luitrs forming a dense i>lurno 
hi the male. Moutli-fiarts conspicuous 
uml forrtiing a piercing proboscis 
(Figs. 370, 471, 472). Complex 

nervuraiion (Fig. 300;. Tbisoxtoiifiive 
and widely <listributc<l family com- 
firisc'S the gnats and mosquitoes, 
nnitlierof which terms lias any })reciM> 
r.<jo!ogica| Kignitifanco. A mos<piito 
may perhaps bo <l('finc<l lus a gnat 



Fio. 475 .—' f.arvA of Cu^ 4 z haux- 

ij»(; nil to III *'by Ibi drawu* 
out frHj»,ratof 7 fijlio. r(iaauifli>J a 
huiicli of liairn h hicfi 

pArticle^Into ilj« mouth; 6 rcjpi- 
ffitor) tube. 


that «'tcl<s hlodii, but it mu.^^t U' r< ini inbrn d tliut it in only tho female 
that “ bilort.*’ Tlie normal fiM>d tif fho ('uliruinr in plant- or fruit-s<ip. 
juicj it liuM been HUggested fimt a meal liloc*(t is mucssarj* In^forueggs can 
lx‘ laid. This however can Imrdly lio the case, rus in theuasto lands of tho 
north there miiHt be cotmtlr.-^s millionfi of gnats which nexcr get *ui oppor- 


a 








^ I mtieuJiptnnu liAnsIns on to Burfuct^fllm. a hniAb of lioirv 

inbi ^ I* rvsencdfdt tliAt Uir \TntmJ Md»» in iiep<'nic«t) whtch bru«h 

vi«» * I i plalo : c halm whjrh cling to thf turface Sim. J 

2 m yuiofflinal segment showing the lAt4'm1 halm aod the ilonuiJ Mhorluf IuUtb ; 

» • UorttJ wfwrl very hIgJily magnified (alter Iiiiiafl). 

l^uiuty to tosto blood. Tho eggs oru usually dro])pcxl on the burfaco tho 
*# *^tialic plants. Tlio larvae breathe by a pair of stigmata 

tug tod |>OHU>riorly. In the genus Culrx thes4) iqKUi at the oimI o( a 

Vili. romarUablo Hcule ls*armg Mt eetopliilid larva is deseribotl by 

flolrngreii, ZiUnchr. WUtt. 2w/., Ixxxvm, ly07. p. I. 
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protuberance which diverges dorsally from the penultimate segment, and 
so gives a Y-shaped appearance to the lar\'a, whose body hangs down into 
the water (Fig. 475). The larva of Anopheles lies flat beneath the surface- 


c a> 



«aeuh‘p«*nHw attached to the aarfare-nim of water, matmini-d 
itli .k ** « breathing tnimpct; ft eye ; e palmaUi liaiis on the anUriot 

CDB of the abdomen which clings to the surfaco-QIm; d antennae. 


flim, attached to it by paired palmate hairs and by the saucer-like opening of 
the two stigmata (Fig. 476). The pupae also hang on to the surface-film and 
breathe through two trumpet-like stigmata situated behind the head (Fig. 
477). The larva of Corethra has no stigmata. The imagos are peculiar 
amongst Diptera in the possession of scales both on the body and on iho 
win^. Gnats often occur in quite incredible numbers, dancing in the 
air m dense clouds. The imagos frequently live tlirough tiie winter hidden 
away in obscure outhouses and corners: tlio eggs and also the lar\’ae 
B^\ive the cold of winter. Lately tliis family has attract-ed much atten¬ 
tion, ns it has been shown that Anopheles niaculipennis, o widely dis- 
tnbuted species, common in Britain, is the distributing ogent (with other 
species) of the Haoniatozoon which comes malaria; and is also, together 
with Culc^, the distributer of certain Filarioa which cause various disorders 
in tropical countries (vol. 1, p. 280); whilst Stegomyia faseinia, a common 

^t, plays a similar role in thocaao of Ycllow-fever.* Other genera oro 
Aede$f MtgarhtniiSf and Psorophora, 

Fam. 5. Chlroaomtdas. Small flies with narrow wings, and no projecting 
i^trum. Long ^te^ao. plume-like in male, and long legs. No ocolli. 
Tlus famdy includes forms popularly termed gnats and midges. It com- 
prt^ a Iwgo number of species and is universally distributed. Like the 
Cubcidaa the sj^cios frequently form dense, dancing swarms, 'n.eir larvae 
^ aquaric, without stigmata; and often blood-red from the presence of 
haemoglobm; hence their name of blood-worms. They often form tubes 
ofmud or^d. A few are marine. CMVonomus is said to have some two 
hundred British speciea. Ceraiopogon is th e midge which couses much 

• The disease-conveying gnats play so large 0 "^’“ mman econ^y 
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annoyance in Scotland, where ite presence in conjunction -Tith that of 
the kilt is said to have given rise to the Highland Fling. 

Fam. 6. OrphnephlUdM. Small, hairless flies, brown or yellow in colour, 

with very large eyes and a two segmented antenna bearing a bristle, the 
second segment and the bristle are however compound. Little is known 
of the members of this family. The only genus Orjihneph^la occurs in Europe, 
Britain, and North America. 

Fam. 7. Psjrchodldae. Minute, fragile, hairy, moth-hke fliee with 
broad wings covered, as are the antennae, with hair. No ocelli. These 
feeble little flies are found on window-panes and under lea\^. 1 hey 
are widely distributed. The larvae have both tracheal gills and etigroata. 
and are amphibious. Pmeomo is British. PhUhotomu^ sucks Wood. 

Fam. 8. Dlxldae. Small. gnot-Uko flies wluch do not bite. The larva 
has two leg-like projections on the first and second abdominal eegnients. 
This family consists of but one cosmopolitan genus. Pua.with four Bntish 
species. They frequent moist forest glades and the lar\-a and pupa arc 


aquatic. ... , it- 

Faro. 0. Tlpulldae. Very largo, sleiuh-r flies mtb l-ng legs. \\iii^ 

norvures numerous, often branching (Fig. 307). A r-shapM suture on ti.o 
thorax. The cylindrical abdomen of seven or eight Kepments ends m a 
pair of claspore in the male, and in an ovipositor in the A numerous 

luid widespread family whoso members are knomi os Daddy-longdcps -i 
Crane-flies. The head is conspicuous, with a .^lender, rather long neck. .v..u 
no ocelli. The larvae are either aquatic, or are tough grubs h';j'‘g un¬ 
derground and doing much damage by eating tlie roots of crops. lhc> we 

termed Leathor-jackets. Some of the aciuat.c larvn» (e g. l utacomon^) 
have the two posterior segments of the body drawn out into a very long 
B’endor tail, no doubt respiratory in function. The pupae project from 
the ground when ready to cut the wiuU form : they are m many wass 
like tho.^ of JA.>p\cioptcri.. hut have a pair of respiratory l.ores or tubes on 
the thorax. The imag-.s are commonest m the lute summer in woods 


that wo Htihjoin a table of tlio inrriini 
in front of earh, tho diBctwo it ia 

Kub'futn. /Ino/iftr/intti*. j ► 

Ip 6. Anopheles biftir^*utua J.inno. I» 

I, 5. Moig. 

1. ,, inarlini f.avrnm 4. 

L „ parent i Lnvenm 

1. viiH'onti Luvri in 

1, formo^^ionniH U Hiiz. 

1. ,, iil^orionHie Thoob. **2 

1. MyM>inyiu lutzii Tlioob. 

1. cuIicifui H'H (Jiles. 

L lintoni List. •• 

1,4. „ funoxtn Oih‘H. d. 

1. p, liiHpnni<»ln Tho<>b. 4. 

4 . pp roeHii <»il* 

I. MyzorhynchuM pnlarliH Thoob. 0. 
1. pp ooaetHni I.uvorun 

I. pp jceoenBie T«uz. 

4. ^P nigi'rriiiioA CJiloe. 

I. pp einoRHie Wied. 

Ip 0. PP pseudopictueGroeeh 

^ Sial'iri‘» (hufnsfi). Z^AIaiAfia (Aviao). ^ 
6 —(caqIqa). 


i»nh‘<l indicufing, by tho 

111 ;. ciinciit il iu Hproading. 

4. Vs rcb ‘phoriiH coxtalij^ I.oini. 

5. ,, 8U[H rjiirtuft (jnvs.si. 

,, < liiuidovoi TliOtd>. 

Nys.sorliyn<‘hu.s idhinmnus 

W’ic'd. 

Sub-fuin. (^ulirtnac, 

I. <*uU'X pipioMH Liitiio. 

1. Wiotl. 

pp ponicdlnrie Hond. 

,p iHanoroHiis 

I Sto^ornyin ftkHciatii I'libr. 
Mnneoniii iinif<*rini>4 riii ob. 

pmMjdolitillnne 'rJMM>h. 
Grabhttfuiu poniriUaris Jtund. 


(human). 
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ge^r? T%ptda^ Phatacrwxra, CyUndrotoma are amongst the British 
Fam. 10 . Bibionidae. Fairly large Ties, weak on the wine. Antennae 

h^«n?^so^-^« are ^most eaterpiUar-like, with a dietmct. chitinoua 
can and soraotimes with a number of spines on the body Thev live 

—-~J"JaT 

the fomalea being red or yeUc^ difference. 

vvlu^ofton occur in Jar™ m the males. Tlie females, 

are they that poultry p»^Ia suck blood, and so voracious 

to thei; co^iTd TU°r^, ‘T" *o Buccumb 

bubL‘*^oV:::r 

f“.r:rr 2 r™ 

doca.vingplants.cow-duDKoiidfoulwatnr pL. 1. . *" 

uiaii<jw*panos. * ^f^yphus /eneatralis Iroqueats 


uroup 2. BRACHYCERA. 

seven: ^(pn^nts, rarely unih more 

uuHelincUy ecgmcnicd, appeihane ’ «'^»*dcr, 

f/.vuaWy with rctract^ljad. ^ Larvae 

with a torniinaj port^nld^obsc^^s/*’*^ tlireo-segmonted antennae 

Tihi .10 not sinned. 

an.onnrly than i,o«toriorly*^ A l^^^v " ^ norvures better developed 
of about one thousand dc«ril»d^' ’‘^-dofined family 

The bod, . often niaied'^tirtX:;^ 

not hairy. Tho larvae ore aouatic or ”*■ ™e^c tints, and is 

pupa is formed upside tho lasMarval 

"rr u. ^rs- ^rr-ffy:^“"^ - - -- 

bodies. Antennae uith three j^nU^onHN "*■ 

They move slowly and are easily caught ™g8. 

the larvae wluch are ofUm subiem^e^ a^7 f" *"“‘^**» “d 

are protected by eartheru celU. predaceous. TJie pupae 

a TOmple* third joint. The* ^et'oretlond®''^ ‘h“!" ^ “<* »i‘h 

^art-ae Uve under harh 

b.^ L\h?:rh!'«^';ra,T;‘^t;r"r^ ® ^ 

Coenomyid. which is found on 'bofh STes ortheltluSc. 
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FaiD« 17. TabaoIdM. Tliis family includes the Horse^fiies orOad'ilies 
Bometimes termed Clegjjsor Broeze^dies. They arc stout, targe flies, uith a 
fleshy proboscis bearing stylets capable in the female of piercing the skin. 
Antennae projecting, with four segments. Eyes very large especially in 
the male. Well developed squama. These are dangerous flies usually 
found near inland w^ater. The females suck the blood of horses, cattle and 
man^and are eaid to transmit the bacillus of anthrax from one animal to 
wother. Members of the common British Tabanas attain a length of one 
inch, and are conspicuous by their loud humming. The larvao are mtn/got* 
like, live in damp earth and eat snails and insect grubs. Some 1,500 
species oro known. Pangonia. 

Fam. 18. Acanthomerldae. Antennae end in a 
seven-segmented process with a terminal style. 

Squama rudimentary. Proboscis short. Acantho^ 
fttera ond PhaphiorAj/ncAi/^ oro the two American 
genera which compose tliis family. Some speciinens 
attain a length of two inches and arc the largest 
flies knot^m. 

Fam. 19. Tbsrsvidae. Smallish, slender flies with 
a weak fleshy probos<*is. Short tlireo-scgniented 
antennae, pointed. Very slender legs. Tho larv'oe, 

^th nineteen segments, frequent decaying wood ; tlio 
imago is said to prey on other insects. Therevo, 

Fam. 20. Scenopinidse. Small, black, active flies, 

^ith tliree-jointed antoiiniuv Proboscis not pro¬ 
jecting. No ompoilium. A very small family of 
flies mostly found on windows. The elongated 
wluto larvae frequent carp^'ts and woollen fabrics 
and decayed w'ood, and are said to live on the larva 
of the ** Carpet-moth." 

^ Fam. 21. NemestrlDldae. Medium sized, stiiut 
flies with in sorno species a very long proh^^cis. 

Short antennae of three joints %%ith a jointed t<‘r- 
minal appendage. Wing nerviuros very complex f<»ra 
fly* The long proboscis sucks nectar from (Iouc tk. 

The larva of Hirmoneura is parasitic on that nf a 
LamoUicorn bootlo {Phizc(roffus) wl)i< h fen'da on turf, 
although the egg is lai<l in the hurr^uvs of Homt‘ 

^ood borer, from which tlio larva <*mcrgcs and 
ougrates by the aid of tho wind. 

Fain. 22. Bombyllldse. I3cediko flics of stout 
build, hairy. TTie three ‘jointed antenniM^ (*nd Ad a 
pointed procoss. ProbtmriH often lotig. Mandibh s 
and first maxillae piercing. Wt'uk legs hikI iiMinj - 

^lled Pombylius poises in tliu air almost iiK^lionlcss an<l llu n 

uarts away with utmost invinible rapidity. It haunts th«‘ Bunny spois nf 
ao<^s and gliulcs and sucks tlio nectar of flowers. 'J'Jn* hirviuMjf munc Hom- 
yliidao make their way tho nests of certain Mu-son-lx cs and, aflor 

gently absorbing the juices of the pupae of their hosts, pujiute. 'J'h«' pupa 
ts capable* of breaking down the tniisonry of its pri*>nii. The larviu* c»f 

icr spc-oji-H render a public wrvii*c \>y fi cding cm the lygs of locunts. 
^ho family in large and uiddy distributed. 

am. 23. Acrocaridae. Flies of iiu*diuin wize, uilh Miiall li<*ad Uuit 
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down under the strongly convex, humpbacked thorax. Wings small, 
but the squama hides the halteres. The flies are often metallic and 
bristly coloured. This is a small group with few specios, but two 
genera, represented by Ogcodes g^>bostis and Acrocera globultu, are 
British. The larvae are parasitic in spiders or in their egg*aacs. 

Fam. 24. Lonchopterldae. Slender, minute flies with lance-like wings 
with feeble nervuration. A small family of very isolated structural 
characters. The larvae live on the earth under leaves, etc XoncAopfera, 
the only genus, is widely distributed. 

Fam. 26. Mydaldae. Large flies, with yellow and red bonds and 
knobbed antennae. Wings with complex nervures. often pigmented. 
This family is cluefly tropical but reaches Southern Europe, and the 
American Mydaa spreads into the S United States. The flies ore predatory, 
and the larvae live in decoying trees and probably prey on wood-boring 
insects. 


Fam. 26. AslUdae. Large, strong, hairy flies. The proboscis forms a 

short, stout, murderous beak. The thorax is narrowed in front and the 

head appears broad. Feet well developed with large claws, pulvxlli and 

bnstle-like empodia The Robber- or Hawk-flies form an enormous 

f^ily with some 3,000 species. They ore amongst the most rapacious 

of insects, attacking equally wasps, bees, tiger-beetles, dragon-flies,etc. 

Some of them closely resemble the Hymenoptera on wliich they prey. The 

larvae live in the earth or in wood, and feed on Coleopterous larvae 

and eggs of gross-hoppers, etc. Asilua. Laphria resembles a Fmco. 

Fam. 27. Aploeerldas. Medium-sized black and white flies with 

transparent wings. No empodium. A smaU family of two genera con- 

r“!u ^aide of the Pacific and to AustraUa. They are allied 
to the Asilidae. Aptocera. 

Fam. 28. Empldae. Smallish, slender, dingy flies, with little or no 
hair except on the long legs. Predaceous, attacking and devouring 
other a,ee. Proboscis long and slender The ovipositors of tb> female 
and the claspere of the mole are often conspicuous. This is a family 

hundred species, nearly two hundred of wliich are British, 
y equent woods and dance vigorously up and down in the air, 

undeTT cyUndrical larvae live 

under leaves or m other decaying vegetation. 

bluo*^!rr DoUohopIdae. Slender, moderately sized or small flies with 

fl'sL aTJi Proboscis short and 

renreTCntati ^ of about the same size and with almost as rnony BriUsh 

rranTentocl I The males are curiously and Aversely 

The pupa is protecl:^^; a Tocoot' 


Group 3 ASCHIZA. 

over the base of ths antennae ^ f^rmtnal. No frontal arched suture 

veSnearthefron*ttdge(f^^ 7^ conspicuous dark 

antennae with a bristle. A small and .solated%ur^d^y i^^ribu"t^f 
family whoso members haunt window panes Thn ^ tUstnbu^, 

of decaying piania and ati^-k also snfhr.n,..Te’’: 

The pupa caao le the last larval skin, hardened TrinZ^ cnryenhds. 
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Fam. 31. Platypdzidae. Small flies, with threo-«*^rTnent€d ant^nnao 
am at«rminul hristle;the first two segments are short,the last is longer. 
J ho tarsi of the hind legs are very broad. No empodium. enuill 
family of tittle, blackish flies which frequent shady places. The larvtie 
have >i flattened shape and tlieiredges bear bristles. They live between 
tho gills of nuishromns and to.td-stools. Opetia. Plalycmmn, Plooj 
pe^ and CaUnmym arc* iho four genera with Bntish species. 

BHi. 32. Pipunculidd6» Sninll fliesj uifh vvrj* short ant^nniw^ uitb 
a non-terminal liri.stle. J'ho head is v.-i> huge, nearly spherical, and 
composed alinoKt entirely of the enormoo-. ni.- iost contiguous, eyes. A 
small family with three British genera and |..•^llaps twelve sjx'cies. The 
larvae live paraeitically witliin the bodies of Hornoptcro-is Hemiptera 
>Vhen about to undergo transformation, they emerge from their hosts, 
and pupate within the last larval .skin, usually in the ground, occasionally 
exposed on leaves. Pipuncultu. 

harn. 33. Conopldae. Abdomen pedunculated like a wjisp’s and often 

yellow-banded. The liOiul is largo and ewollen. Few or no brisflee on 

he cloraid surface. Not a very largo family, some members of wliich. 

o.g. Conops, pass their larval life inside tho abdomen of Bumble-bees 
« asps, etc. 

Farn. 34 . Syrphidae. Stoutish flies with fleshy, retractile pmboscis, 
rccogni^ble by tho presence of iui extra longitudinal ncrvuix', tho ” vena 
spuria," between the third and fourth. Hea<l and eyes larg«'. Tho 
family 18 large and cosmopolitan. Tho Hover flies vary imich in colour 
and many of them ref>eiubl«« Jlynienoptora ; they frequent flowers and may 
often be seen hovering in t lie s.uilight. The habits of thojiu-vae vary. Those 
o oyrpAus devour plant lico. IWucr/io larvito live in 1 m*o- and w»isp-iiost.'i, 
eating the grubs of their host. Others feeil on decaying vegetable matter 
or wood. The rat-tailed maggot of Eri/<Uilnt lives in foul water, or 
poasibly even in carcases. Tho curious mollusc like larvae of Micr<xlun 
hvos in ants’ nests. 


Group 4. SCHIZOPHORA. 

70 »Vu« to the aritennae ami an an'ata, or nol bvrtic nr- 

0//A.’ oH/cAOKic «■» 0 rule. 
■ 1 !* incluilcs both a larg»» number t>f fumilii-s of very small liies 

w U(. are but little known, und also the must (ypiiat «>f all flies e g. the 
nscid/^. The former rollecticin, known tlie Mtincidae acalyiitratae, 
are r iviiltMl into a number of famihea of var\ing \alc;icy, and they 
eminently require revision. 'J'licy are callisj " miilyptrato " because tlio 
squama is either abaent, or when j>re»ent dot's not cover tlio lialter. They 
«'in be barely mentioned her.'. 

Fain. 36. Oorycsrldas. 'i'ho larva of Doryecra burrows in tho leaves of 
aquatic plants. 

Fam. 30, Tstaoocerldae. The lurviu' art) waid to havo but oiffht eoiz- 
niont«. ^ ^ 

tarn. 37 . Sclomyzldae* Jiri^wn or groyisli uiaitlrac'tivo flirn vvbioh 

'•uunt high gr.wses iiiul bushes. 

SCI UU fhuH t)m t'lilurgrd liigbly fMilislnxl 

I ovorluuigrt uiifl liitJt*a tho ab<Joiiicn» uluc li in iiuicli nnliirod, 

uJbo tho WiligH. 

uiu. Sopsida©, Sifiull, pciliBhed, flien l>roi<h*iig in dnng or 
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decaying matter (Sepsua) or ia cheoie and fat (Ptophila), The cheeee 
skipper is the larva of P. casei. They also injure dried and smoked meat. 

Fam. 40. Chloropldae (Oscinldae). The larvae live in the stems of 
wheat and grass and do much damage, or mine in the leaves of such plants 
as the beet-root; others act as scavengers. In the autitmn the imagos 
sometimes turn up in countless swarms, iisually in the same building at 
intervals of some years. They are amongst the commonest insects to 
get into eyes whether of man or boasts. The Frit-fly, Oacinia frit, and the 
Gout-fly, Chlorops taeniopua, are well known com pests 
Fam. 41. UUdUdae. 

Fam. 42. Platystomldae. 

Fam. 43. Epbydrldae. Some of tliis family breeds in salt lakes such 
oa those of Utah, and a few occur ia urinals. They exist in vast 
numbers in many of tlio Mexican lakes, where both the larvae ond flies 

drift in heaps on to the shores and are collected by the Indians and mode 
into paJatulile cakes. 

Fam. 44. Helot^Ud^s. Dark, amaU flies frequenting the shade and 
twilight, laying their eggs in animal dejecta or amongst funri. 

Fam. 45. Dryomyzidae. 

Fam. 46. Borboridas. Small, dark flies with dear wings. Some 
species of Borborua, which is n British genua, are however w inglcss. They 
breed m dung and have some use os scavengers. 

Fam. 47. Phycodromidae, Small greyish flies with a darker abdomen. 
They occur on the Iwaches of both seas and lakes and seem to breed 
amongst the vegotublo jetsam. 

Fam. 48. Tbyreophorldae. 

F«m. 49. Scatophagidao (Soalomyrldas). Modorato-sizod, elondor 

^ the dung of various aiumols and 

lire gonerHllj’ kno\s*n dung-flies 

Fam. 50. Gsomyzldae. A small family of small flies whoso larvae 
in the C4wce known, nunc in the loaves of grass and orn 

in u • ^,'°5°Phliidas. Small flies which haunt decaving fruit etc 

m which the.r arvae live. They also occur in tinned fruiU end in plcWes 
and of cider- and wino-pressos. Drosophila ^ 

of hTh ^ ^lidae. Those gonoraUy dark flieeoro met with on tho leaves 

moUl'^ yellow or brown fliea noth 

tn^b™LdL*rrro?r-.,.e'':3.lT'^ — 

or in rotten vegetation *- 8 o m wood by other ineecta 

Fam. 67. Rhopalomeridae. '*""«■ 0„u:hac^. 

Fam. 68. OrUUdae. Usually metallic flies with . • j 

winga. Hie larvae occur under the hart- __ a_ ^ stnped 
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it is thought they only enter the burrows of other insects and do 
not mine f'nrnptonrura, 

Fani. 5U. Agromyzidae. bSniall Hies whose larvive burrow in ptante 
largely in the loaves, or devour Aphides. Lcacopeis, 

Fum. (>(». Hiiichiidae. 

Fain. Cl. Octhiphilldae. 

Fnm. 02. Heteroneuridae. Shuider, j'cliow or dark flies whose larvae 

live in diiinp, dirty spot« or under bark. 

Fain. C3. Cordyluridae. 

Fam. C4. Diopsidae. T)io h<wi i'< l)roadeniMi and soTne(iriH\*t produced 
into very <<longat4' latoral j>roje< iions, wldcri boar the oye?«. 'I'hose flies 
frequent .shmly ^^o/•ds. 'rhoN* nri' not foiind in Eun*po 

This family is Um* tiust of the Mt/.iculae Acalyjj(rntae. Tin* six follt>v\injr 
families may bo gr^upod topetlwras MusciJac Ctihfplrn(<u : in iIiliu Ij •• 
Bquanta forms a <Mil\fitron covering the halter. 

Fam. I’h’. Anthomyiidae* Uoscmblo house*fli« <, but On* ulnar lu r^ jr- 
(4lh longit laiinai) is stiaight. Hristle «‘f unCenna naked or ■ tvd. 
Four or bxu abdoininul sogmonts visible. A laigr. (•o*<inopi>lii(*n, un« 
attractive and genc*raliz4*<l family \Nil)i afliniti^ .^ i th** Musi i<lao a* alyp 
tratao, the TacAinh/or, the MuACuiai' and the S>:r. The larvae 

art'flatuiniKl iiiaggotH with posterior stigmut.i. jui'l of \* i \ varying luvbits. 

bra.-^/ficac is destrm tiw to cubl</age.^, and i<n tlar i.tlier haml A. 
eana and /I. an^u^n/ro^w destroy 

locusts. -—— ——— 

Fam. Cfl. Tachinidae. Hristic j 

On nntoima bare or nearly so. ^ 

Ahdomori with four to six ^ . i ^ ^ ^ 

bristly segnionts t isihle. First U./ 

posterior <r<4l nlmoi^t or ci>jn- I CJ Cfc $ 

ph^toly ehisiHb A litl ge, and to ^ \ ) 

inun l>eii.-(i< j(d funuly o' flies, i / / 

binct» their larvae livo in aiel ^ 

doHtroy otlier ins tU, •.•^jxa iaUN • 

cuterpillurH, many or vvhirh me ; ,• S \ 

injurious U> cr<ip.H. 'The larva ( I i ‘i 

dovourn the interior of its horvt, y \ 

hut at firKl at Ic.ust di nut J ^ t 

f'at tho iiioro oe-sentiul ragau.H, /. 

HO that the host iinger.s on uniii hM i7‘> ri,. r^-'t.oHv f07. i<eia m. r.lUfo) < 
iL I • # II -I tl.*'Ilv With 4iv ‘4 lla* •*** *^ 

tno larva is fully grmvn, the /i.vluU lur\.i. C i uj.e <1-niu sunc) 

puraflite tiam leavoH the body of 

the caterfiillar and puj>Jit<*s <*n the ground. Aftlto'jrfif/unn (Miitish) may 
Iny iLh iitflion of t»i.- futiiily wht. h hii\-^ pr.-vioiinly 

cuf'turo'l l>y Ih*- M\ r«m Umihix iiw fi.r iJh o\mj jouti^. 

Tfirij-ion in ptiriHitio <<ti ()i ni>'|>U ru. Simi*.’ two Hj'crioa nf tliia 

fuiiiily ttro liritiali. 

i^'uiu. 07. Dexildae. Tlu-* r.ui.ily rov inlil.H th.- lint I.ut 

tho briHtJo on tho unt.-t.no is pohiv' -m. »h.- h ys nr.' on.I .son... 

uro hrifliiinUy .•..J.-nr. ,1. 'J'h" l irv.w ur.- poiwsiiic in inm-tts uiul 

Hnails. Di'xia, /fuoViu. 

Furn. 08. Sarcophagidae. 'bhe hnsth- id the nnleimm' is f. a lured 
Iiroxiinuily and lirur like dist ally. Sonu* sp* < e nro n i v jj>ur<Me4 and 
«S*arcej/Auyu may ni/tea causes much trouble by la>iiig it a maggots in b\*re9. 




6'V': _ 
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hM l7a Vli** r?'«'t.'i* Jl V fr.7i i <i«a »n. f «ir.eo > < 
tl.*' ll> with 4iv llu* jT*'* 

Jr* tiijK /i.'k^ult iur\*i. d ft MjSUuc ) 
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Mnat sperirs have larvae parasitic ia otlicr insects. S. carnaria is a common 
British form which resembles tlio Blow-fly. 

Fam. 00. Muscldae. Antennal bristle feathered. This family inclnde.s 
the hou-so-lly, liluo-bottle, etc. Tliey Jay tJieir e^rgs in dead flesh or dung. 
The common house-fly—AYu«ca usually deposits its eggs in 

stable manure, tlie larvae live on their surroundings for less titan a week 
and then ptipate, and the imago emorge.s ab<Jtit a fortnight after oviposi- 
tion {Hewitt, Q.J.M.S., 51, 1U07, p. 395). Two common species of blow¬ 
fly are found in Britain, CaUiphora vomitoHa and C. erylhroccphala. 
6 Vo.mi»<j includes tho dreaded Tsetse-flio.s of Africa {Fig. 479). 

Fam. 70. Oestrldae. Large, liairy flies with very short antennae 

bearing a segmented bristle. 
Posterior part of wing with fow 
nervuivs. Mouth parts often 
oborted. Tlic larvae of the Bot¬ 
flies live in \'ert>-brate3 and for 
the most part in Jlammals. Tito 
family is a small one, but there 
are some ten British sfxjcies, 
which attack cattle and deer. 
GtistrophUu.^ rqui laj's its eggs on 
the hair of horses. On hatching 
they s*ct up an irritation which 
couse.s the horst' to lick the place, 
anti the lar\no licing thus 
swallowed, cotne to n‘st in tho 
sttunacli. t.i iJi,» walks of which 
^ , . they attach tliemwlvcs until 

id> to pupate, when they pas.s out witJi the excreta. Hi/podrrma linc^ta 
a 1.1 auv.laycggs on tl.o legs of cattle. Later, the larvae arc fount! caus- 

nrallu. r.b ""r Hioskin of the back. They aro 

tl IJ **' J "* swallowed, and burrowing tlinnigh 

Wlicii fi'il* ' route by which they reach their final d.-.ttinution. 

0 . 1 / tl‘o wart.les. fall to tl.e grouu.I. and 

no c f P«‘V<vs its larviw-it is viviparous-m tho 

u-tuh of .heep, whence they wander info adjaccul cavities 



rill iSO.~Oat<ro,>hilu» f,jui (after F. Uraiarl. 

<i iurva ; U inckic. 


Croup 5. I'lriPAIiA. 


bln J T! 7V.c menf.r. for thr. ,no.t ,urh 

F /^ircac .o/.uh unmrdiatrly pup^Ur. 

and ?■ . 'Vings large, smali or absent. The body 

cgs ate li .-rie, . ^ ‘si'>gl\'-3cgmeutcd uuteiuiuo are liiJden and 
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the mouth-parts are much modifieiL Hippoho^ca equina (Fig. 481) is (lie 
•loree-or Forest-fly well known in Britain. M€lophagu8 0innus(Fig, 482), 

: heep tick, ha/9 lost all rosemblanca to normaJ Diptera; it is wingless and 
creeps amongst the 
hairs of sheep. Tliere 
are other species wluch 
attack birds, and these 
for the most part retain 
their wings. 

Fam. 72. Braulidae« 

Antennae not so well 
hidden as in tlio pre* 

^^*ng family, from 
which this uno di tiers 
also in the struct uro 
of the tDoiitii-purt«. 

Eyes imperfect. Tliis 
family consists of a 

©ingle, nuiiule, \Mug- > j/j, . israuio (wH< r M^^incrt). 

loss species, JJraula 

coeca, which lives on bees, usually <»n the thorax (Fig. 483), 

tarn. 73. Strebiidao* W'lngctl insects with huln*res, and narr*ov. 
free lioad. The insects of tliis faiiuly are rare and Itvo on but.*^ 7'l. 
larvae are said to live in the dcjccta of their hoeis. 

Farn 74. Nycteriblldae. Jfead iifiriu^ht or l««nt back on to dorsal 
surface of thorax. W’lngH absent. Legs Inng, borne on iho upper 6urt»u'o 
a cliitinous plato funned by the incso* and muta'Xtvma , so that the 



trojii XantAar/fyt4t ^^trttmint^ Ad^n. A lipj^r o/ fcfiiak 

Hh iK'sd lu the <»t r» poM , // uiid^'r •urfAov of n»#J*- i*. Kmiii Murp. 

^ nj 3 n 
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upper surface may appear at first sight to be the under. Thnon peooliar 
iDsecte are like the Streblidae, parasites on bate. Nycteribia. 


Order 22. HYMaNOPTEBA.* 

Fow mert^yranouB loinga loiih few nervwes; the anterior 
abdominal segment fused or partly fused with the thorax, the 
waist ** when preserU being behind this ; the females have an ovi¬ 
positor which may or may not be retractile ; mandibles well de¬ 
veloped, Meiamor- 
S 9 I phosis com pi tie: 

II r the pupa has its 
' I J I appendages free. 

ll 'I Hyrnenop- 

Q—L r/Pnfx / tera include Bees, 

y J1 / Is-jm Wasps, Ante, Saw- 

“ flies. Gall-flies, 

Icimeunxo n - fl i e 8, 
^ .y / II etc., and in this 

Ij J I order the Insects, 

^ ^ m j and indeed tlxe In- 

"H i ■ f ^ M vertebrata as a 

^ il t M ^ wliole, attain their 

;^7 ^ gj| highest social and 

^''SSSpSS^ Ea.ljl psychical standard. 

\ If SIv head is fiee 

'''■ ^ very mobile. 

TMn ^.1 ... B By a kind of dislo- 

ul, I>^' from .. ^ , 

^.wal Mde (After JIr#ep«Uoi. <?i) poUoQ gUod CAtlOn thc p F O- 

KTOOVCd*|.U'«; . 

ri‘j<'e; B notum remains 

**“?® ' W"»’etulat Jjtcco ; .SAehoatli . , 

c i«i*u; quiuiMtJ.- idiito; su- luscd ^%ith the rest 

groovvdi,U<«. «e 01 w»e ^ ^ thOiaX, 

... . ^ whilst the other 

s^entcs of the protijontx with the first pair of legs are 

thrown ahttle fonvard and act largely in conjunction with the 

* CthTKicroTi^ Tint. !i :* I^o?/ *S*n.' oo t:' u c* 

3r.l iHs-. L-bho »? ’ t Sout^mrs 

Sei. Ser., 1882. Mngprul^^?, .‘fartv-.y-Vii ^ ;,m IS^tT ’ 1 T^' c 

Jii^nHnoptcrorum. Loiudg. 1892-6. 

\ ^ •‘‘-'r Goaeva. 1853-8. Forel, 

^xzvu, 1893* Emery, Zool, Jahrb. Syet, viii l^QH f» i? 

HymsnopM Acul^ of /Ac BnHsh I^ndo,r 1896. 




S<5' 


Cn 


L-sJ? 


I>^' from 

^’i" ‘ JlreepeUoi. CD poUon gUnd 

(alrm ^r) , bmso oi tlio gr^^oxtd piece • i? 

ctV'i^V ^ ; V <4U4Mlmtic jiieto: sw 

vvLiwJ »ide oi the 
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head; the side-pieces of the prothorax overlap the proaternuiD. 
The antennae are as a rule simple. The mandibles remain 
conspicuous and are used for manipulating the wax and for 
many purposes other than eating. This is copecially the case 
where a fluid pabulum is sucked up the “ tongue,” which is 
formed of the elongated first and second maxillae. The paJp 
of the first maxilla is often rudimentary. 

The number of visible segments in the abdomen varies from thr(*<j 
to nine, and the abdomen in the female terminates in an o'-i- 
positor or sting which arises from outgrowths on the penullimatc 
and ante-penultimate segments (Fig. 485). These outgrowtlis 
are by some regarded as homologous with true limbs. Amongst 
bees the legs take an active part in the collection of pollen. 
The wings are usually transparent and in the more typical 
forms a row of hooks on the anterior border of the posterior 
wing catch into a raised rim on the hinder edge of the fore- 
wing so that the two wings on each side are held togeilicr, and 
vibrate as a single membrane. 

The tracheal system a.s in the Diptera is provided with vesicu¬ 
lar swellings along each side of the abdomen. Tlie nervous 
system tends to show a reduction of the number of gaiiglia and 
considerable concen¬ 


tration. 

The larvae are enici- 
form and always have 
a distinct head. They 
are never quite so re¬ 
duced as are some of 
fhe Bipterou.s mag- 
gots, but nevertheless 
the larvae of the 



4M.—a l^rvu of ft huniMu tMo About to bftcoino 
ft pupft . h pioudo'PupA (0Ci}il-puf«); c pupft la/U r 
pAckftnlf. 


higher social forms are Ijclpless, white, niaggot-liko ctx-aturcs 
With no legs. The larvae of the saw-flies on the other hand nro 


like caterpillars and liavo several pairs of pro-legs in addition 
to the thoracic legs. 

The appendages and the wings of the pupa arc free. The 
tter either shut up in a cell by tho parent, as in Bcos, 
ps, etc.. Or protected by a cocoon formed by the larva, 
arthenogencsis is of wide occurrence in this Order, and in tho 
yniptdoe it is accompanied by heterogamy, or alternation of 
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sexual aad parthenop'enetic reproduction. The result of par- 
thenogenetic development is usually a male, but not unfrequently 
females only arise, and in some cases both sexes arise parthenO’ 


D 



nabdomen Of the queen bee (after B. Leuckart). n allmen- 
ury canal. n roclum with rectal glands and anus ; Ok chain of ganglia ; Op ovary; 
lie riceptacuJum aemlnis ; reservoir of poison gland ; Stating. 


genetically from the same brood (sawflies). The queen bee 
when fertilized stores the spermatozoa in a receptnculum seminis 
which she can open at will, and the view is generally held that 
if she clo.se3 this sac the unfertilized eggs then laid develop 
into males or drones, but that if .she permit the access of 
spermatozoa to tiie eggs, females or workers arise. 

PolyrnorpIii.sm is also a dominant feature in many of tJie 
colonial forms. Different castes are present, such as the worker, 
the drone, the soldier, the queen, and so on, and it is tlidught 
t lat these \nrious castes are evoked by difTcrenees in the quality 
and amount of the food supplied to the larvae.* 

The Hymenoptera form a very large order with some 30,000 
de.^v,ibed species. This figure will probably be multiplied by 
right before the existing species are exhau.sted. They are 
c ivided into two sub-orders, the Sessiliventres and the Pctiolata. 


fiub-orrler 1. SESSILIVENTRES f 


• Tliere ia unfortiinulolv n.i sortoA n,: i 

fascinating habits a,ul l.fe ..f nvJt A tV”?-’' to tho 

^phic accounts cf tlieso tho sttulei.t L r.-forr./j t “ \ 

the Cwnbridiro Nuturul Hisforv .i„ri * rr*d Sharp 8 volen'e® m 

naturali.e., J. H. fXo. ^ ■ >l‘<> emment F, .nch 




HVMEyOPTFRA SE'^SIMVEX'^HES. 


i Oi 


iivo ; lartxie u ith thoracic Ufjs UAnallif trith j rO'li'jB ; (hry live o7i jJanf . 
Pemale furnisfud at the extremity of the body u*tVA eatrs or boriny apparatus, 
usually conctabd, 

Fam. 1. Cephidae* Small, slender Insects with weak exoskeleton ; 
dorsal sclerite between tliornx and abdomen divided into two ; tlie pvo- 
thorax free and long ; the onterior tibia bears one spine. The hirvac 
of Steni^sawdiea live in the sterns of plants or on tender twigs. Tljey 
aro wlute and rather maggot-liko and tlieir thoracic arc hw* feebly 
developed. The female bores a hole witi) her two saw-like 
and deposits her eggs in the stern or tuig ; t)ic larva w’hcn hatcheii its 
way along tho stalk. In this manner Ciphu^ pij4jnux£us docs inncfi harm 
to corn In Europe and C. integer destroys the younger shoots of the \m1Io\v 
in America. About 100 species are Itnoun, cluefly from the M<*ditcrrivnc4in 
area. 

Fam. 2. Oryssldae* Dorsal sclerite between thorax and ahdnmer> 
not divided, antennae arising below the eyes, their bases o\'(»rhung hv* a 
ridge. Tliis family has but one genus Oryssus^ with about twenty 
of which one, O. obietinu^, is British. Tho ab<iomcn is closicly filled witli 
the thorax and has little or no independent movement. 

Fam. 3. Sirlcldae* Largo and often brightly colourecl instM«ts. Tho 
anterior lobe of the rnesonoturn is in contact with the me^os<*utelium .md 


not separated by the iiitiusi<m of tho lateral pieces ; tho 
dorsal sclerito is divided. 'J'hc fcn)ale Inis a well cUvcloptMl 


first abdominnl 
hirriT‘g appara- 



> I'litra 
!> niu r 


tUH. There are about a luindred Hpceietj of Sirieidao and they arc ^^hc /ly 
foiiiul ainongHt tic* f<»reH(>> uf tla* N'Otlnrn 1 hinisplMio. Ita i run i / > 

till* aid of tpifnl saw, \\ lii< h jiMHCM far forw ai<1 ''O tin * ntru 
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of the abdomen, deposits her cgga in tlie standing timber, and the larvae 
do much damage by burrowing through the wood. Thus iS»Vex gxgaa, 
Bntish, but much more common abroad, injures fir-trees. S. juvencus is 
rarer. Trem^ columba (Fig. 488) is a well known North American species. 

T«Dthredliiidae. The anterior lobe of the mesonotum is 
separa^d from the mesoecutellum by the ingrowth of the lateral pieces ; 

nZt m'" TI?“ ftibia; pronotum small and fused with meso- 

Saw-fljes are insects with antennae of varying form, 
hich may have as few as three segments or as many as forty The well 

on the lower edge 

Thi ^ protected by a pair of sheathl 

ThrecrmTt'" deposits an egg and a drop of some fluid. 

The egg ,a said to grow considerably after being laid. Many of the larvae 

feed on leaves some mimng in them, others forming galla.^ Most of the 

rr^rthT I" appearance, but they hive usually more pro- 

rr ‘be free^nd. One 

ment in 7hl ? d ‘be body, and this seg- 

Zecle hx^l Lopidoptera is invariably devoid of these structures. Some 

f. nned end f^me like a slug. Cocoons are usually 

\ ground. Aihoiia ^narum injures turnips 

^ose hush^ "'f goosoberrj. bushes. Hylotoma rosae injure.s 


oiH)*or(lor 2 , 


- I'KTIOLATA- 

the r-rxi abdomtiuxl compo.^cd of the true ifu^ras and of 

The petiole M formed of the ee united there,rifh. 

The U,rx-ae Ju-hite aLltgZT 

TKi- »„b-or.io. h... been ,Uvi,l..,i i„,o ,h„e scri™ .f which the fi™, is- 

„ , »• parasitica. 

I-'.i-n. r.!^'^*'cyn|p'idle”‘^SnmM present in female. 

"ings; pro- mui moso-notum ’i V » ‘be 

iiiscrHon off,,rc-wings • autenn ^proiuitum extending back to 

The aalMii..„ have .L.’a B<gnu.nts. 

-oond or thini s^-gn.ent ‘bo t^^rgum of the 

The ovipomt.>r is |„ng. upTn 

are laitl i^uullv in plants where Ih d<»licacy. The 

tion sets up the formation of a gall 

m the bodies of the hm so living i,f it ot^ r r ^ or even 

of galls fonmd by this family is giwA bv ^ ^st 

Bpecies 18 Rhoditee roeae which form.,’ri ^^7"' *bo commonest 

Many forms are parthenogenetie .^d ^ "" —-b-hes. 

quite unteo^. The family is ’cosmopoVuan" 

by ■■ - Aide., cVn^^Z,.rTrInIi. 
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, I'I'i 


preceding family ; ab- 
domen pointed behind 

and often bent down- ^ ill; 

wards; ovipositor ro- ^ a. \ ^ >* 

tractile bnt not coiled ; 
larva parasitio. A large 

and variable* oosmo- ~ 

poUtan family of 

small or minute in- //Vr^ri^v 

sects difficult to de- 

fine. The ovipositor j^S [ | 

is in all cases tubular. \ i 

The trochanter in some 

oases remains nn- 

divided. Such larvae 

as are known live in "'v/ll 

tto Ix^es or in the y,a. 488._^|XW «R<m. Westwood. DrlUln, 
of other inaeote sUo eboot | oallUizL) From 6harp. 

or of spiders* and tbere 

they nsnally pupate. Some, e.g. the members of the s 


" / ’ 


8ome» e.g. the tnembers 


the 


Myraarinao^ are aquatic and are said to Lay their eggs In those of 


(Probable 


b-faimly 

Dragon* 



'€^/a 




r * k ^ 


/► 

\.td 


ho. 490 . 


derelopmeot of PiatwfasUr Ulin Geoin from Labboeb). #4, t4, t$. 
fthipii i*rv*o of ibm apode* of t6 Mcood Urrai itMi; H 

• anteDM ; MllTAry duel; #o sDaij b$m reolfml ectodennal IbJok- 
IjnS* inimilna ; m rectum ; / forcel AppeodAfu; fk Ut^bodj ; fa gaoiiml oruiM ; 
im auprftKKsopbftaod gsngUon ; kf hook-llko feet; iff Uteral limU ; 

(iSobaMjj ^ nuukdlblee ; mo moulb ; Mf etomeeb ; tlk. ikf ocsopba^ : 
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flios. Some again are dimorphic : the fomalo Scleroderma is nsiially apter¬ 
ous : when wings ore present ocelli olways appear, thougli they ore os a rule 
absent in wingless forma. Platygaster (Fig. 490) infests tJie larvae of Cecido- 
myu3 and helps to diminish the numbers of the He.ssian-fly. Polyembryony 
cxisU in this and in the following family {v. p. 041). Polt/nema naians iB a 
remarkable aquatic form which uses its wings for swimming and is on egg- 
purusite ofdragm flios. Alaptu9{Fig. 489) isonoof the smallest insects known. 

Fam. 7. Chalcididae. Pronotum partly free and not reaching back 
to tl.o level of the wing-insertion. Antennae elbowed, of seven to thirteen 
seginonts. No cells in wings, but one stout nerx-ure which runs at first 
parallel to, but finally falLs into, the anterior border, after giving off a 
slight twig. Trochanters divided. The Chahids form a verv largo but 
ui.pcrfectly loiown. dearly defined family vi mi.mte pur.uritic insects. Many 

of tlieir larvae live in galls 
preying on the more legitimate 
inhalifants. Sometimes tho 
egg is laid in tho caterpillars 
and even in the pupae of Lepi- 
tl -I'lera and often in the bodies 
of I’eesand Beetles. They help 
to keep down swarms of injuri¬ 
ous insoi'ts, aiul ctises are on 
reeoril whero they have de¬ 
stroyed 95 per coat, of the eggs 
of these oneniies to cnlti\ ati m. 
The numerous species known as 
fig-insects have froipientlv aing- 
Ic-ss males and winged feinalcs, 
on unusual arrangement. Iilti»- 
tophaya (troftnori/m is the < hi. f 
agent in the process of raprili- 
calion, as tho fertilization of the 
tig i'culled. The insects which 
li'e normally in the wild-figcrc 
.dl wed aecess to the cultivated 
I'nless the Lla.-lo- 
formed, t’halckis are Mfum' '*!' imperfectly 

"nigs uitli matiy nervurea and ciuV- m antennae; 
si'T'arated ri,., ..j . . ' ' cubital cell of the fo 





"-k ,h,.t 


OMpuHitura of great length, and ..i.-r, .- ^ (Mg- 491) have 

thoireggs in the burrow:..Utheu, , l i ‘•'’•in in order to lay 

The number of spe-ics i.s v.-rv cu (Fig. 4SH). 

of which are Bridsh. have t.^cn -l'. .eVil.'.ar oiu-fifth 

Fam. 9. Braconldae. The cubital " of n 

cl thi foic Wing separated from 
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tlio second posterior by one cell only. This family is closely allied to the 
preceding one, and is f-eparated from it almost wholly by the presence of 
the single cell on the fore-wing just mentioned. The parasitic habits of 
the larvae are similar in the two families. The distribution of the two 
families is alike. The Br.^conidae contains a very large number of species 
many hundreds of which occur in this country. 

Fam. 10. Stephanldae. Many segments (thirty to seventy) in the 
antennae ; head spherical ; wings with a costal cell : posterior femora 
usually toothed. An ill-defined family comprisitig two rare but widely- 
distributed forms Stephanufi and Slenopha*fnu^. 

Fam. 11, Megalyridae. The alxlomen is short and broad und the 
waist is wanting ; female with a long ovipositor ; antennao fourteeu- 
segmented. Tliis family includes only the rare, anomalous, Australian 
Megalyra. 

Fam. 12. Evaniidae. The waist or second abdominal segment is 
inserted on the dorsal aspect of the first or propodeum ; antennae 
straight, with tliirtoon or fourteen segments ; larvae parasitic. Another 
small family of three genera: Frani’a (whose larvae live in cockroach ci'C- 
coses), 0(uleruption and Auiacu/i (whose larvoo devour other Hymenop- 
terous insects). The genera have a large nuiiihor of species a few oi 
which jiro British. 

Fam. 13. Pelecinidae. Troch-intor not divided; marked sexiuJ 
dimor p h i s m ; the 
femato has a very 
long uIkIoiiioi), hut 
no ovipositor. Again 
ft family of throe 
genera, Ophionellut, 

Monomachus li n d 
Pclecintut, tlio last 
named common in 
tlio warmer parts ol 
Arnoriea. The larvae 
ftro Said to bo para- 
Hitic in other insects. 

Fam. 14. Trlgo- 
nalidae. The oval 
fthdomon of five 

Visihlo segmunts has Fio. I92 Chn/nt . KnRj.ind. Krofn Slurp, 

fto waist 5 antennao 

twonty-fivo Kogmcnli‘i ; trc'i haiilcr [>urlly divirlcl ; wings uith many 
norviiros. Anotj'cr small family, who.'jc chief geniiH Tritjonuiys is repre¬ 
sented ill Britain by ono 

Series 2. TUliULIFERA. 

Troeluinirr not dtvidtd ; abdomen ahoira only (hrre, four, or five scymenU ; 
ovijtoHUor (ran^vtrotly segmented and usiuiUy vitlulrau n into the body. 

Fain. 15. Chrysldldae. Bright, metullic int$oot8 with hard oxoskolvtoa ; 
'WiUjnnao elbowed^ with uBunlly thirteen HOji'incnta ; the iihdoinon in con- 
< ftvoholow und ean Ik* bent forwur<l under tlio tlioriiX. 'J’hiH family in Botno- 
^but ul>orrant and may eomo near the I^roetotrypidno. It ef)ntain8 the 
iiby^wottpH^ wlheh lay their egg8 in bc< h* und woi^pb' ne«te, the Kuby-w»'5;p 
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I&r\'ae eating up the larvae of the rightful owners, and eometinies, apparent* 
ly, caterpillars stored up by the rightful owners as food for their larvae. 
The family is widely spread and has some hundreds of species, about 
twenty of which are British. They are brilliantly coloured and fly swiftly 
in hot, sunny placee. Chryna (Big. 492), Pamopee, ClepUa. 


Series 3. AOVLEATA. 

TVocAofUcr a» a rule not divided ; ftmalte (6o<A perfect femalea and workera) 
with a ating, except in aome anta ; antennae of fenxaUa with twelve aegmenta, 
of malea tcith thirteen. 

This eeries is mainly characterized by a ohanpe of function and struoturo 
in the ovipoator. This oeaaee to transmit tlie ova—these pass to the 
exterior at its b a se— a nd becomes a weapon of offence, the sting. The 
l^ae are white grubs with no legs, and they live in cells provided for 
them by the imagines; until a late stage they uro aproctous. The 
pui» IS eoft. The sting (Fig. 486) consists of a sheath, a director paired 
m ita origin, and a pair of spicules or needles. The last segment but 
ono of the abdomen bears in tho late larva four papillae: of these the 
two inner form the director and the two outer tho sheath. The sec- 
ment ^t m front, tho eighth abdominal, bears but one pair of papillae, 
and theao form tho rules. The queetion of the homologies of those 
orgsM with abdominal liml« is a matter of dispute.* In the imago 
of the Wo sex tho two last segments oro tucked into the preceding 
so^aonts; in tho female throe segments ore thus hidden 

(AnthophIU). Some of tho hairs clothing the body 
arc feathered or plumose; the mouth parts ore usuaUy elongate; the 
proximal segment of the posterior foot is enlai-ged. The Apidoe ore often 



FlO. 493.—/Ifi, aquwn; 0 work?! ; c droQ«. 


but in the Hive-hen i ^ probosciB maybe short; 

protruded by fluid forced into it tr^m t\. ^ hgnla is said to be 

• V. Heymons, Morph. Jahrf>., xxiv, 1806, p 


. 6 . 
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the cane-sugar of the nectar has become the grape-sugar of honey. The 
solitary bees store with food for the larva a single cell or several cells, which 
naay be m^e of clay or hollowed out in wood. 

They then deposit one egg in each cell and seal 
it up^ repeating the process later. A minute drop 
of the poisoQ is injected into each cell before tho 
latter is sealed. The formic acid which it contains 
octs as an antiseptic and prevents the fermentation 
of the sugar. The social forms also rear theiryoung 
in cells, but these are massed together in large 
numbers and do not remain sealed up, the workers 
going round from time to time and feeding the 
larvae, just as warders feed the prisoners in a 
cellular prison. The wax of which these masses 
of cells or “ combs'' are made is secreted by 
glands situated on the inner face of the ventral 
plates of the abdominal segments. Tho wax 
appears in the form of thin plates which are re¬ 
moved by the hinder pair of legs and then 
worked up** by the mandibles. Many species 
arc parasitic in the hives of more industriouB forms. 

Sub-fam. 1. Archlapinas. Proboscis short with concave-margined 
free end ; very few hairs, but those are plumose ; posterior legs un¬ 
modified. This archaic group includes tho genus Prosopi^ (some 
add to it Sphecodes) which builds its nest in bramble-stems or 
crovicos in walls. There are ten Hritish species. 

Sub-fam. 2. Obtuslllnguinae. Hairy, with hairy second and 
third logs adapted fur currying pollen ; ligula short and bilobt^d. 
ColUteSf with six British species, digs holes in the ground and divides 
the burrow into a few cells whicli it fills with fiuiil food. SphecKnle^ 
seems to bo a genus in u very plastic condition, for there is sucli vari¬ 
ation in form as to make specific <lifTcrencos a matter of groat 
difficulty. Ito habits, sometinicB industrial, sometimes parasitic, arc 

equally lacking in precision 
and its position in any 
classification is uncertain. 

Suh-fam. 3. Aodrenloae. 
Ligula short, with ocuto tip; 
gregarious bees, the cells 
made by one individual con- 
noctod by passages with those 
mode by others. Halicli^ 
makes oval, underground 
cells lined with a voraish 
which is probably produced 
by tho salivary glands. An- 
drena is a large genus with 
eonoo fiifty British species. 
They live in sandy and gravelly soil. Dasypoda also burrows 
in loose earth, making tunnels of one or two feet in length. 

Sub-fam. 4. DSDUdatloaa* Parasitic and without any modifications 
carrying pollen. Tho bees classed together hero have little in 
common beyond their parasitio habits. Suits lays its eggs in the 




PlO. 494 .—a hind leg of a 
worker of Apis meUi/ies ; 
K baaket on the tibia; 
B enlarged tarsal Joint 
with brush on the under 
side: b brush, more 

stroDglr magnified. 
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ceUs of Oamux or to tho same end breaks open the colls of C?ialicodomo, 
Nomada preys on Andrena and so on. 

Bub'fsm. 5. Scopullpedinae* Solitary^ not parasitic beos, with long 



Ffo, muraria. Orccco, 

A malo : fonialc. Kr»m J>harf>. 


ligula. A rather unnatural 
group with four British genera 
A ruhophorap Ccratina, Eucera 
and Saropoda. Tho first •named 
resembles Boi^ihua \ it often 
makes ca\itie8 in clifTs. Xylo- 
copa is a carpenter bee and 
makes its colls in dry timber. 
Eugloseup a very tino form, 
has a proboi^cis much linger 
than its bod 3 ^ 

Sub-fani, 0. Dasygastrinae. 
The ventral surfaro of the ab¬ 
domen boars dcnsoly sot hairs 
for entangling tho I'ollen ; 
labnim often long unil with (he 
mandibles looking outsiile when 
it is depressed. Tho ^fi\s^>n• 
1>C09 build colls of comhmU 
6<‘rrolion («alivary ghtml, mixed 
with .Hand, earth uml stones). 
In those they Hti»re hnnrj’ and 
pollon. hmlds 

several cells one after the 
other, and when some eight or 


nine are coinpleto it c^ners tlie 
wh(»lo with a donio-«^haprd covering, AnthUlium nuike.H ccIIh tif 
down and rott^a^ iMlIectOil from plants, and places them in su( li 
Hhelters tv-i empty snail-shells or the cells of i>tl)cr Hymenoptera. Oatyiin 
also selects already formoci s! • hers in timber, walls ov lauiks. 

• '^jachih' is tlu* leaf • utting be* , and nmkesa series of cells in some 
small burrow out of . iecea 

of plant leaves whieJ: it 
neatly luts und places. 

Tliero aro four nritinh 

' 7. Socialinae. ''' 

Son.U whirh form ' 

rolnixics. with ditTercnt, i " ‘ - 

pTftdcs of ffinalog. In I 

tho " orkors iiro not "* Q 

ext<>niHlly L-loarly difforon- /' \ 

tiatod from tlit> qiioons, nnd ' ISSSf ' \ 

in tho autumn earh com- ^ \ 

nuimty ponflhes, Brtvc for a Fi'> 407 —o.-nw 9 . Alnoriv 

few females which survive t he 




AlitoriA. 


Tnrin J’ T. ‘ " "n* ‘•'•‘‘"‘V in tl.O 

spnng. Tho waxy rolls aro piled t..pethor irrocuhirlv in snmo l.:ilow in 

tho^oundor,nalumk.and«woll-nilcd<vun.nunitvcx.nlau.s.mlvKon.o 

few hundred bocs, in some 8i>ociod ovon fewer. Tlie ,..v is .siirrctcJ 
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by tho abdomen and transferred to the legs before being kneaded into 
the building material. • Psxihyrus Uvea in tho nesta of Humble-bees 
{Bornbus)^ and the several apecies curiously resemble the species on 
ivhich they quarter themselves. Mtlipona is the Mosquito-bee and 
very etnall in size; it has a stunted form of 8 tiDg» but does not use it for 
offence. There seems to be one queen in each neat and the very 
numerous inhabitants are said to sworm occasionally. Apis rruUtficu 
id tho Honey-bee (Fig. 493). Here the drones (moles), the workers 
(infertile females) and the queens are structuredly different, and form 
colonies that persist from year to year. New communities arise by 
swarming. A new queen-bee having been reared, the queen-mother 
with some adherents quits the hive and establishes a new one. The 
cell for the royal larva is bigger than that for the larv^al drones and 
workers, and tho larval queen enjoys a special diet. The drones 
are said to arise from unfertilized eggs. The queen-bee has a 
longer abdomen than the worker; she forms no wax and has no 
transveree row of hairs on the enlarged first tarsal segment for 
the gathering of pollen. The male or drone is broader and stouter, 
with larger eyes which meet above; euid tho hind-legs are unmodified 
for collecting pollen. Tho Honey-bee has been domesticated for bo 
long a period that many local races have arisen. 

The division of labour which plays such a prominent part in the 
economy of the higher Hymenoptera reaches the highest pitch 
amongst the bees. The queen-bee, in the case of Apis tncUifica. 
alone, lays eggs, sometimes at the rate of 3,000 a day ; she and tho 
workers live through the winter, but the drones all perish in the 
autumn. The drones do no work in the hive ; they arise from 
unfertilized eggs and are killed in tho outtimn (slaughter of drones). 
During the winter the queen-bee and tho workers live upon tho 
food stored up in the hive 5 when spring returns she deposits eggs, 
first in tho cells of tho workers and then of tho drones. After a 
time certain large royal cells ore constructed, and in each of 
these she lays a fertilized egg ; the larvae which proceed from 
these eggs receive a richer nourishment and become queens. Tho 
drones take twenty-four days to develop, tho workers twenty, and 
tho queens sixteen. Before the eldest of the royal pupae gives rise 
to a queen in tho imaginal state, the queen mother with a number 
of the workers leave the hive (first swarm). Thus a now colony 


arises. Tho young queen either kills all tho other royal lorvae and 
remains in the old hive, or if she is prevented from doing this by the 
workers and the population is still large enough, she also leaves tho old 
hive with a part of the workers (second swarm or cast) before the oppear- 
once of a second queen. Soon after the motamorphoais is complete 
the queen is fertilized by a drone whilst dying in the air. Ihe 
drone immediately dies, and tho queen, which lias only been fer¬ 
tilized once, can continue to lay fertilized ova for several years. 
If the wings of tho queen are paralysed and eho is unable to copulate. 


Cf. Titania 

Tho honey-bags steal from tho humble-Ix^ee, 

And for night-tapers crop their waxen thighs, 

And light them at the fiery glow-worm's eyes. 

A Afidsumtner Nii/ht*9 Dre^itn. 

Act III, scone f, linea 164-186. 
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Uya eg^ which only give rise to drones; the same 13 the case with 
the fertiliz^ queen m her old age when the contents of the recepta- 
ralum semiiiia are exhausted. Workers may also lay eggs which 
develop mto drones; the larvae destined to become workL may. 
d the food-supply at an early stage be abundant, become queeii. 

^ «»0U8and indi- 

The following three families comprise the true Wasps. They are 

characterized by the 

antenor wing^ bemg longitudinally plicate in repose, the pronotum 

>*“8 ■"'x'ified for 

orJm r * ^ Eumonlda*. SoUtory wasps. Tarsal claws toothed or bifid • 
one ^ur only on the second pair of tibiae j no workers and no communities’ 
A diverse group of some eight hundred species, sixteen of wh."l“ 

*' B 1 m p 1 e ; two 

perond pair of tibiae; workers present. fWK • 

Wasps' nosta are built^f small vomt P‘‘P®'’y 

from decayed wood, which ®^*«t.le fragmenU. often taken 

la-como abLst hke colme paZ "''“Bibles till they 

'■ '■■png by little pillam from the la^r aSI^„‘ ^rdT“" 

cot from the queers (perfect fomab;, '' "‘nrctnrally differ- 

are probably fertilized. The colmdoT I^y Pggs which 

the flununer only. In the anti.™ n j-*''’® existing for 

e few fertiUxed^ females,"'’wh ^ creef t’ o' 

imder atones, and hibernate throueJmut tho • trees or 

female emerges and commences to buX a nesT'” f* 
cells are fimshed the female lays an eirrr • *' two or three 

ape^oua grubs hatch out they have and when the white 

m^er IS widening and deepeihng thdr the same time the 

The larval stage lasts abouf f«-rx • "® ^ adding others, 

eat and turn to pupae in their colls ‘'^h to 

and sets to work to enlarge the nest A- <>merges in ton days. 

Its cell, this is cleaned out and another egg "a'depori^®''* 
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During the first half of the sumraer, only workers appear, but later males 
and perfect females make tlieir appearance, iho former perhaps from the 
parthenogenetic eggs of the later brood of workers ; all these kin<!s are 
winged, but the workers ese smaller than the males or females. Theeovt*^ 
pair whilst flying, and soon afterwords the males die. The youngest Inrw^- 
are fed on nectar from plantSt but tliis diet is soon replaced by one of 
insect flesh, the female wasp catcliing her insect proy on the wing. Thin 
is slightly masticated by the mandibles and then offered to the progeny. 

Of the eight British species, all of them bt^longing to the genus Vej^po, 
y germanica, F. rufa and F. wl^aris make their nests underground, W 
arborea, F, ^Iveslria and F. norve^ica in trees; F. the Hornet, ii\ 

some such retreat as the hollow of a tree, whilst F. an^iriaca liv*eft in the 
neeta of other species. The liomot does not extend north of the 
Midlands. PoUsUs U the largest genus. 

Fam. 10. Masarldae iFig. 409). Claws toothed ; forc-\ringH nith two suh- 


marginal cells—the last two families 
have four; antennae clubbed. A 

email family of fevs- und rare forms. \ ^ 

3fa#arw, Ceramiua and others arc ' 

Moditarraaean, Paragia Australian ^ — 

ftwl TrimeHa S, ^neriean. They ^^ . 

seem mostly to construct earthen ^ | 

cells either undergrotmd or on J EjjJ ( * 

0 / ^3 \ 

The following throe families arc CjW ^ 

often united under the name Fo.s^'oro9 t >3r » 

or Digging Wasps. The ant«*rior y/ 

wing is not plicate in roposo ; the 

heirs are not ]>1uinoeo; Iho bt^^al / 

eegmenta of tho abdomen have dor* \ 

®8lly no prominences; there is no V' 

worker caste. —— ' -*-* 

Fam. 20. ScolHdae. Tho sidos of r 

tho pronotofn reach to tho teguhw* T 

nt the base of tho wings ; uhdoinon / FQVf \ 

with a chink l>ctW'eon the first two I l||X3 \ * 

Bogments on tho ventral sido. Tliis ^^7 

family includes five subdainihcs ^7 

consisting cliiofly of tropical forms. ^ \r 

They neither constrind cells nor pjo. 4 uo —Mmaru P4ijH/oT7ni4. a mnio; 
burrows, but oa a rule lay tlioir ogus on ^ femhh . Eigypi (afu r J^rUuin) 

some insect larva whidi they have 

previously paralysed w jlh tlioir sting, afid which B<Tvea their lurv^io for fijcal. 
Suh-fam. 1. Mutllllnac. No wings or ocelli in the fcinuliM, in 
which also tho parts of tho thorax aro closely funoil ; tho rtialcs aro 
Winged, with ocelli and purls of tho thorax distinct ; two bpuis on 

second pair of tibiae; two or three sub-ioarginul coHh on fore- 

wing. 


B ivuttk)i\ Eipypt 


P4iin/OT 

(afUr J? 


SrtiAulij) 


Tliia Bub-fomily ia riillxT jint-Iiko unJ tlio inoinbore ^^ro known iw 
"Solitary Ante tho liairy couliiig nml tho iib(«*n<!0 of u nodu at tho 
bone o£ tho abdomen howovor rouclily «libliii( 4 iiiHh tlioni from truo 
®nta. Many of thorn aru brightly colourtKl, iilaok, red, y.'Ilow und 
White occurring, atul some Btriduluto. The lurvw' live at »li.' oxponso 
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of vi’xioue Aculeate Hymcnoptera. Mutilla europaea in the oesta of 
Bomime. Three species ore British but rare. 

8ub-{am. 2. Thynnlnae. IVlolea winged, females wingless ; in tlio 
latter the thorax is divided into three sub-equal parts ; no constric¬ 
tion between the second and third abdominal segments ; wing ner- 
vures reach the edge of wing. This sub-family is also ant-like, the 
single and rare British species Methoca ichn€umonide$ being often 
taken for an ant. Their most striking feature is the extreme diSerence 
between the two Boxes. 

Sub-fam. 3. Scolllnae. One apical spur on second tibiae ; both 
sexes winged ; wing nervures do not reach edge of wing; legs stout. 
This sub-family includes many large and hairy forms, the females 
t>:ually larger than the males. They generally lay their eggs in svich 
i>:r\a<* of Lamellicum beetles os burrow in the ground, e.g. Scolia 
luianciata in the larva*, of Cctonia. The group is largely tropical. 

Sub-bun. 4. Sapygioas. Slender legs and antennae, abdomen 
not ending in epinee. The tsinglo genus Sapyga loys its eggs in 
bees’ nests, e.g. those of Osfjji'a, and its larva devours the food laid 
up for the young. Two species occur in Britain. 

8i''>-ftuu. 6. RhopalosoinJoae. Antennae long and spiny; ocelli 
very largo ; torsi peculiar, claws bifid. A single genus Ehopaloaoma 
of tmknown habits. 

Fain. 21. Pompilldas. Pronotum reaches base of wing; no constric¬ 
tion l^'tw.v'n second tmd thin! abdominal segments ; posterior legs long ; 
eyes elliptic.il and not crescentiforrn. A very large family of wasps which 
dig nests in biuiks, etc., and store them with the paralysed bodies of spiders 
or mon, rai^Iy of insects. In this woy Pompihis and Cal\curg%is destroy 
large nuinbeni of spiders, usually of the more voracious kinds. These 
Wiu,-.- are a<-tivc w.dkcrs and g.'nerally drag their victims to their lair along 
111.* t,:' uid. It IB characteristic of many Pompilidae to run swiftly along 
tne gr..imd. wnh quivering wings and vibrating antennae. Some species 
am very lorjt.. Ptp^ frec|uently attains o length of two inches and 

^stri’buUH^"" Tarantula. The family ia widely 

Kiln. 22. Sphegldae. Pronotum short and not reaching to base of 
win^ tho Btigmatic lobes reach to the level of the insertion of the 

If T »^P“-»tvd from the place of insertion. This very 

f'Ubdmoih'n '^prob.ibly not a notural oBsemhlage; it ia divided into ten 

Sub-fun, I Spheginse. AMomen with a slender pedicel ; two spurs 

builowr-'"'-; ^ thechiefgenuB.'^ It 

0 c eke ' paralysed bodice 

for t , r Ammophila uses caterpillars 

dwo I nJ “.T’"**', ho.ne in ILnan 

aHinings and stores its larder with spiders. 

neckinTremt" Pr,-ithorax elongate, produced into a 

. .vptus beak-like ; four subniarginal cells • inetathorax 
Kng and ventmMy split t. permit of the forward flextu": The X 

^ --Kfaniily with few species and few 

8u^% rirnlT -ckroachea. forms no nests. 

the second tibia*. lulve' buT' 


oppondiculato i e with a eecoml cell 


one spur ; muTginoJ cell of fore-wing 


more or leas coin' Vitoly marked 
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off ; labrum small. The well-known genus Tachytes has habits very 
similar to those of Sphex, some species preying on Mantis. Lana 
stores up molo-crickots; others grass-hoppers. 

Sub-fam. 4. Trypoxyloalaae. Marginal cell not appendiculate; 
eyes concave on inner surface. Trypoxylon builds clay nests often 
near human dwellings, and stores them with spiders ; the second 
genus is Pison. 

Sub-fam. 6 . Astatinao. Tlie eyes in the male meet in the middle 
dorsal lino ; two spurs on the second tibiae. Tliis sub-family has 
but one genua Aetata (some authorities however add Ozybdus). Two 
species are British, one of which provisions its undergrotmd cell with 
the Hemipteron Pentatoma. 

Sub-fam. 6. Bembscloae. Marginal cell not appcuidiculate; 
norvuros nearly reach to edge of wing ; no pedicel ; abdomen heavy ; 
labrum often elongated. The members of the genus i^cr/jfctz (Fig. 500) 
feed their young mainly on Diptera, winch they kill and carry to 
their cells lx»twoon their legs. Aa the insects are killed, they must 


frequently bo replaced by 
new victim.*), and the parent 
is kept busy supplying the 
young with fresh food. For 
the most part the cells are 
fonnod in sandy banks and 
the entrance is blocked ex¬ 
cept when in use. 

Sub-fam. 7. Nyssonlnae. 
Labrum short; no pedicel; 
marginal cells not appen¬ 
diculate. An ill-de^od 
group, many of its mem¬ 
bers having a divided tro¬ 
chanter something like 



PlO. 600 .—Htmbsi rvtlfaUt i. Euru|K'. Fr<jni 

Sharp. 


that of the Parasitica. 

MeUinus catches flies, feigning death os it lies in wait h.r them. 

Sub-fam. 8. Phllaothloae. Threo complete sub-margiiuil cells on 
anterior wing; labrum not elongate; anterior part o ax onion 
constricted but without a slender podici-l. W.isp like 
Cerems stores paralysed small bees and Ixietlos. and the difTerent 
apecios attack different forms of Colooptera. PhUarUh^ kills honey- 
boos both for its own foo<i and that of the larvae, whicli are carefully 


fed at intervaln with fresh food. 

Sub-fam. 0. Mlmeslnae. A non-cylindrical (H-ilioel J 

spur on tho second tibiae ; marginal colls two or three. Ihis faini y 
(including the PomplirodoniiiAo) coiiiprisos a few not very well known 
ingecte. Peen and Passaloecits make their cells in hollow Hteiiia, 
PempArerfon fu{ 7 ubrt/» in decayed bcoch wood. 'Ihoy store up sy u ao 

and Aphidao. , 

Sub-fam. 10. Crabronlnae. One sub-marginal and two ibscoidul 

cells; abdomen rarely ,K>dicollaU» ; pnaiotiim short lieso are 
small, rather wusp-liko insects with large, square heuds. I I.ey an. 
the commoiiost of our digging-wiisps, Crabro hii\itig o\er t »r y 
British H,xicieH. They mostly form their .fils in demt wocxl or in 
ani] atoru thorn with Di|)U)ru. 
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Fam 23. Formicidae. The second, and som^timea also tho third ub- 

or?tot d vWed f. = ‘‘‘o tors 

c *’‘'® proximal segment in the antennae elongate 

the two forming a scope wliich bears at an angle a flagellum of eicht^to 

eleven segments. This largo and divers^ famil/ of eocLl SLto 

comprises the Ante. Tl.eir mouth is so arranged that the labrutTnd 

wthThe nT , mantUbles thich 

w ^ ^ ouuide. and to the side of, the mouth The 

c"o^ mour *°eether over the hlroLy 

clos^ mouth. The size of tho head varies greatly, and ex'en in the samo 

thertl cXd'Mld*^ have small heads or largo heads; in tho latter case 
. diors. The stndulating organs by moans of wliirh 

ante seem to conununicato with one another, are usually connected v/ith 

alkers and the.r legs are long. As a rule, tho males are smaller than tho 

females. They live 
in communities, 
wlxich comprise, be¬ 
sides tho winged 
males and feniales. 
a number of wing- 
loss workers or 
neuters. Tliose are 
in reality aborted 
feinalns. and. like 
the functional in¬ 
dividuals uf that 
sox. ore provided 
with poison glands. 
Tho poison cofisists 
of formic arid, 
which is either in¬ 
jected by tho sting 



F^O. 50mica 
rual^ r - worker ; 
9 ^cslicd ant CM. 


(Camponntut) /.trculanea. a femate • 6 Sting 

Vs7„;i ^„‘fto7“?„""-„wch 

:r cirj r rrr i- '’r'-’ 

formidable jaws and lartro / i as soldiers” with very 

are attacked. The workers atirvivo «-nt-hills when they 

climates durine the wintop r«r. .k o ® yoar, liibernating in cold 
also hibemato, but the great number ""*® reproducing fomaloa 

for a short time onlv durinvth« <*f botli moles and females Hvo 

n«e or •• formica^m rwito. '“'T' "P ‘ho 

porsh: throiich tho cold woatiipr I *on, and those individuals which 

tho return of spring to.m . ' o'TT ““o ‘oed. With 

or in some species tho o^rirs imH curviv^ed lay eggs, and these. 

have laatod Enough iho'Sntor dfv'cTop i„‘to r'''""lf “h""''' 

moles, females ond workers The producing 

air; the males then die. 

to form a new colony or are lerl buck bv th either start off 

casting their wings the muscles of tte'bo^!!' 
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undergo a hidtolysis and are replaced by adipocytes.* The ante live upon 
both animal and vegetable substunce^^ and arc very fond of sweet thinpj. 

The real eggs are very smalL The structures commonly called ante' 
eggs are the whiter oval coco one (case made by the larva). 

The eggs, which aro lairl in nests by one or more queans^ give rise 
to helpless larvae which are nursed and fed by workers. Tliey are carried 
from one part of the nest to another when occ€ision requires, and unJiko 
the Bees and Wasps they do not pa^s through their larval life in one 
cell or chamber. They aro fed from the mouths of tl^e workers, with 
aemi^digestod food. Sonic species form cocoons; in others the pupae 
are exposed. The pupae develop either into wingless forms, the workers 
and soMiors, or into winged forms, the males and fertile females. The 
queens aro known to liv'o several yoara. 

Tlie neste of ants are not ilolinite in shape nor aro they furim-d largely of 
wax or papery wood, but are irregular chambers connected by galleries 
and usually subterranean. Some species form chambers in timber; others 
inhabit spaces in plants, which they are said to defend from the attat ks 
of leaf-cutting insects, etc. 

Some two thousand s{>ecies art' rt*cognizcil. 

8 ub-fam. I. Camponotinae. The pcdicid consists of one node ; 


poison gland a cuBliion of 
convolutions underlying a 
modified sting, which in 
simply an ejaculatory orilico 
for the poisonou.s fluid. 'I'his 
family conipriac^s tlio ho- 
called etingless ants, but 
though they do not sting 
they can ojcct a very poison¬ 
ous fluid a considerablo dis¬ 
tance. There aro hoiqo eight 
hundred species; Caviponotus 
ts by far tho largest genus. 

In botno cases, at any rate, 
when a new community is 
being started, a single foinulo 
performs alone all tho duties 
of tho nest. After tho first 
tndivi<luals^ which are 
workors, havo emerged, sho 
bocomeij true <jueen, per¬ 
forming iio function t'xrept 
^gg-laying; all other diithf 
devolving henceforth i»pon 
the workers. In tho largo 
Hosts of the r/sl ant, Forpnica 
^u/a, many hootl and one ^ 
two otluT ants live peac4*- 
f‘dly. f*. Mau/juirua, Hritisli, 
inuUes and servants 

^f F. fuacfi und F. eunicutaria ; 



lO fiOiS.- Aph'ten'j^atUr {M€*H?r)barbam^- 
gefla. A mail*; /i |rniaJ«* winjlca ; C Iar,*o 
Horkor »ir RuUller ; P pnitill worker > j- 
Froni Sliarf). 

this in liow‘'V« r carritMi t<* n 


* C. Junot, C. R. Prtris, cxliv, 1907, p 393. 
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much greater extent by the genus Polyergus. Lasiua is perhaps oar 
commonest British genus. 

Sub-fam. 2. DoIIohoderinse. Like the previous family, but the 
poison sac does not form a cushion and there is a rudimentary stingl 
A small sub-family with few Buropean representatives. Tapinoma, 
British, but rare, attends the fights of other ante carries off and 
eats the vanquished. 

Sub-fam. 3. Mjrrmlcinae. Pedicel of two nodes; sting usually 
present. This sub-family includes some thousand species. It is 
often divided into four or even eight groups dependent on the shape 
of the head and its component parts. Many genera do not construct 
nests but live in the colonies of other ants, and some of those genera 
have undergone marked changes of structure. About ton species 
are British, the beat known being Myrmica rxtbra. The harvesting ante 
of the gonva Aphaenogaater (Fig. 502) of Europe and America store up 



Flo. 503.—8oi 
Ainerlc3. A worker; flfemale al 
the wing*. Prom Sharp, 



hamatum. OnaUmala. Prom Sharp. 


ing trees of their foliace by denud- 

workod into balls „!l^' i earned to the nests and 

forms their step/e ’dift ants grow a certain fungus wliioh 

(an Acacia) SLi on ‘^® buU's-hom thorn 

CryptocerM (Pig 309) *c>n8 of certain glands in the leaves* 

::a 

A atridulatingorgan is often i ®®«ond normal segments, 

segments just mentioned. Stfng pres^^^ Th^^f 
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onies seem small. Poneraconlracta and P. punctatissima are the solo 
British representatives. The latter is peculiar in that it has two 
kinds of raale» one winged and one wingless. Myrrrucia^ the bull-dog 
ant of Australia* forms great mounds of earth. 

Sub-fam. 6. Dorylinae* Cl 3 T>e\ifl minute and antennae arising close 
to front edge of head ; abdomen drawn out, more or less cylindrical ; 
pedicel imperfect, occasionally consistingof two nodes in the workers ; 
the several castes very different; the females and workers often 
wholly blinds or at any rate without facetted eyes. This sub family 
includes certain wandering ants which retain their social di>hnotions 
though they have no permanent home. Ecilon {Tig. 604) is a well-known 
American genus which makes temporary shelters in hollows in trees, 
the members of the community massing together like a swarm of 
bees. But they have no abiding resting-place, and often leave 
their shelter on marauding expeditions and do not return. The 
genus formerly known as Lobidus is now regarded as the male Eciion. 
Dorylue closely resembles this last-named form; but the female, 
formerly classed in a separate genus, in some forms is enoTOously 
enlarged, somewhat as in the Termites; the workers are Wind but 

prodaeeous, and the communities rove. 

Sub-fam. C. AmblyoponJnas. No true pedicel; the articulation 
between the second and third abdominal segments is broad. 
This group has relations with the Scoliidae as well os with 
the Formicidae. AfriblyopOTU and Stigmotomfna are thought to bo 
subterranean and social, but little is known of their habits. Both 
sexes are winged and the workers are nearly blind. 
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CLASS V. ARACHNIDA» 

Cla33 + than the Inseeta, and eon- 
teiM an,maE which vary uithin a, wide hmita as do those 

but s" H “'“!i C^staeea, Many of the Ordeia arc small 
Spiders and Mitea comprise a very large number of 

The; “ '“■■ee number ff individuals 

There are no antennae. The ehelicerae are the fimt pair of 

•O hold and'hrerk up 7b: C 

:'th u - 

K-ped ,0.0 tapmata or ea.e^orlX'h^her o^rr^TdZ:: 

' v’‘"C’.. ''r -1 

a„,i X,.rvo,„ ami Cir, uIiiluA'si 

--Inn V,.. '‘’'■•'i *.{ Arthr.,.,..r>« -V'^- in 




^A1 an 
-“Inn A'a' 
Arm I'ffrd 
«^Jr 1. s \ruf i 
lf\ s' 

I * * 

I^lr ■, An,,, 

njflH 

aii.t ii.i,. \ 

7 \ fiis.. I’jiriw 

Th 


- I-. 3.;-i.LdVx p 0^5 ",vr* '"•'’A 

Y'^' Nnr. iid.,.rj- 187 1 't ^^^>nflen, 

+'" h'" •‘'■"'f'"*-*- 2 vt.is.i’iw, fso-'-c 

- Y-Tf z orra:;i‘ir"f 

As \».. dt, jj ; " ' Mllopodu th.in to the Ararh 

--...- 
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JI,-, -liiiilif).- of a Scorjil.iti (ad-f 
I’ t‘h-In i r c . A 

l.'.ainali.i ; «■ I • 1“'' 

.jf Ui-.ra-iv I'-"' Tli«ri' aro rut 

imiitary Uu*'"' 

till- |>rvKCii»tal siKiinut Ls iml sA"' > 


usually in a typical form tlircc of those. Of tho.-^o the ;,fv..soma 
or cephalolhorax comprises all the sepmonts in front of tlo- 
segment bearing the genital pore. Tlio region of body {fif 'lftn' n) 
behind this sometimes falls into two parts, the moso.somo an.l 
the metasoma, but the position 
of the division between these two 
parts is not constant. These i.e. 
the mesosoma and the metasoma 
form the opisthosoma or the ab~ 
domen of authors. As stated in 
Chapter IV (p. 323) * there are 
in the embryos of spiders in¬ 
dications of a pair of somites 
in front of the cheliecral somites, 
and in this region vestigial an¬ 
tennae have been found in a 
spider (Lycosa sp.).|' Between 
the prosoma and mesosoma ojn- 
bryology has shown tliat aimtljer 
segment c.xists fora time hut dis- 

apiJCiirs. It is impossible to say witlt eoitaint\ w i< t n r 
pregenital segment belongs to the j)ro 3 oma oi to t le nKso.som.i 
but here we liavc reekoned it as belongif^g to t le j)ro. om 
Counting tlie i>rc-chelieeriil embryonic somite fouml in spi ers, wc 
thus liavc the following sehenio of segments in orpio or 
Limulua named after the appendages they bear . 

1. Eycsorprccheliccrac (see above). Preoral 

2. Chcliceroc. Preornl 

3. Pedipalpi.§ Paroral 

4. 1st pair walking k*gH. Postoral 

6. 2nd 

6. 3rd 

7. 4th 

8. Chilaria or Pregenital segrnentH 

• G. H. Carpontor, Quart. J. MU. Set.. xHx, IWQ. p. 469. 

t Jsvovaky, Zoot. Am., xiv. 1 S 9 I- 2 . , . , _ .j„- .... rh«lirrtra« 

AccordinK to Uio view otidsxiied i« the ti\blo oei P; .y 

ia rockonod as Iwlonging to tt»e second segment. i I 
are not regarded as appondagtv) . 

f The remaining Bogmonta arc of conrso postoro . A_,...|,riida oxcoot 

II Tlio ap{>ondagos of thia aegment <h8api>ear in 
In tho Meroatomata and Pycnogonida. 


»» 


«« 


> > 




1 » 


% \ 


V I 


« * 


> « 


I » 


Prosoma. 
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tf 


If 


‘Mesoeoma 


I 


«I 


t > 


11 


11 


11 


tf 


tt 


9. Genital operculum 

10. Pectiiies or 1st gill-book 
11 1st lung-book or 2nd gill-l:ook 

12. 2nd „ „ 3rd 

13. 3rd „ „ 4th 

11. 4th ,, ,, „ 5th 

15. 5(h mesosomatic segment with no appendages 

16. let metasomatic 

^ '* •» M 

17. 2nd 

* M 

18. 3rd 

19. 4th . ^Metasoma 

20. 5th „ .. 1 

It is intorcatinB to note that tl.ere are also 20 prc-anal 

nif'T„ ‘‘"1" the sante 

nun.lier ,.s thoupht by some to charaeterize the Insecta. In 

n L f specahzed Araehnids, however, a reduction in the 

t e r, " The anus opens behind 

hast n elasomat.e segment, and behind it in the higher 

.mt 

''.'tS','; ''"'“i. ...Ptalbn I. 

l.et!v«.n wh^rTh ’ 

a-s m certain spiders, 'n,.. ft, .t tracheae may coexist, 

by some authors to hav. h ' Araohnirla are believed 

differ frotn those of In.,eeta""nd 'T' They 

of Pcripalu^ in he.ng tuf't.|il<; 11;^ 

(except in Solifugae p 83^ i ^ anastomosing 

haa been mai.h" ined tltt ,he " r‘‘ 

homologous with those of lusevta l" T' 

but that they have 


Opisthosoma. 



VASCULAB SYSTEM. 


777 


arisen independently in evolution. Whether this view is 
correct or not, it is worth noting that organs, vhich closely 
resemble traclicac and appear to have the same function, 
are found in certain terrestrial Isopods (p. 482) and in certain 
Siphonophora (vol. i, pp. 142-43). FinaUy. in some of the 
forms, usually degenerate both in their size and in the absence 
of heart and in reduced segmentation from parasitism or from 
some other cause, the tracheae disappear altogether and the re¬ 
spiration is entirely cutaneous.* 

The lieart is contained in a pericardium and consists of a 
certain number of chambers, in spiders and Pfinlangid.s three, 


in scorpions seven and in 
himvlua eight, indicated 
by the ostia. The circu¬ 
lation is largely lacunar, 
and, as is the rule in 
Arthropods, the chief 
spaces of the body arc 
hacmocoelic. Nc vert he- 

less in Limulus and in 
the SCO r p i o n s 1) o t h 
arteries and veins are 
well developed, and these 
animals have a far more 
definite system of blood¬ 
vessels than have any other Arthropod, in the first named 

genus and to a lesser extent in the scorpions the great gang¬ 
lionic mass and the nerves which issue froiii it are sunk in or 
are invested by tlie arteries so that the nerves are described 
as being in the arteries. In the same two groups the walls of 
the pericardium arc fibrous and complete, the blood returning to 
its cavity by paired veins which come from the rcsjhratory organs. 
The blood before j)assing to the gill-hooks or lung-hook.s is col¬ 
lected in a large median ventral sinus and Lankester has shown 
that the upper wall of this ventral sinus and the lower wall of 
tlio pericardium arc conru'ctid by a serie.s of paired, veitical 



muscles, seven paiis in Scorpio and eight in Litnulw. J he con 
trac-tion of thest; mu.s(4es brings about the enlargeinerU of tJic 
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cavitjcs of these two sinuses and a r-onse^uont inrusli of blood 
into both. 

Tlio alimentary canal runs comparatively straight from the 
moutli to the anus and is devoid of convolutions. Many Arach¬ 
nids hve on animal and vegetable jui.-o.s and in these the mouth 
IS minute and a sucking pharynx, whose walls are (livarieated 
by extrinsic muscles, lies close within it. The alimentary canal 
is different from that of the Crustacea since it gives off as a rule 
more than one pair of digestive glands. The glands, of which 
the anterior or prosomatic in the scorpion are termed salivan’, 
se<'rete a fluid which is believed to act like the pam reatic fluid of 
vertebrates. The gastric glands are tubular in spiders and are 
bent into the bases of tlie limbs. Their distal ends are said to 
fuse in some species. They extend almost to the tip of some 
of the hmbs in the Pantopoda. There seems no doubt that the 
food hnd.s Its way into the lumen of these glands and that a 
largo part of the digestion goes on in them and not in tlie cavity 
of he alimentary canal. The proetodacum varies in size ; mal- 
piglnan tubules (absent in Limulu.-) are one pair or more 
numerous; they open, as a rule, into the anterior end of the 
■nul,«ut. wl.K.I, l„.ar« in tin- spiders „n enlarge,.,ent ter,ned 
11.,' ste,e.,ral pneket in whiel, ,l,e faeces aeenn.nlate. The 
■nus ,s nut ,|u,,e terminal and is always slightly vnlral. It 

' , '>>■ Bting ,as in M-urpiuns ur l,v a spine 

a>< m Ijnnviu-'i. ^ 

Ihe . X, of waste nitrogenous .natter is not eonfined 
o th, a.;,ee„;ent,one<l n.alpighian tubules. Co.xal glands 

unddiell l''"l ‘7’,."'^'' "ilh the green glands 

They are tubular portions of 
li vhieh opim to the exterior. The openitm in the 

- on io,',' 'i, T "T* »'«-varion ; in 

gh;:;d 'r 't '“r "■ 

and opens on I he coxa of U.e'sth 'T 

hut yieh J :;:L -Oagmo^^^^ 

scorpions forms a kiud 
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the pro- and meso-soma, occurs again in spiders, and is much 
more highly developed in the Arachnida than in Apu^ or in the 
Decapoda, where only an insignificant plate occurs. Numerous 

muscles are attached to the endosternite. 

The nervous system consists of a supra-oesophageal ganglion 
which supplies the eyes and the chelicerac. that is the appen¬ 
dages (if tlie eyes are appendages) of the preoral segments, 
the two prosthomeres of Lankester’s terminology. The 
ganglia of the postoral segments have in the Acarina, the P 
palpi, the Solifugaeand the Araneina fused into a central mass, 
though in the last named group the nerve whicli runs posteriorly 
to supply the abdomen bears a ganglion close to the base of 
the latter. In Limulus the circumoesophageal collar is very 
large and gives off nerves to the pedipalps and the remaining 
prosomatic appendages as well as to the genital opercula. The 
right and left halves of this collar are connected by a ladder-like 
series of transverse commissures ; behind the collar the ventral 
cord gives off five nerves to tlie gill-books uiul is continued 
back to supply the raetasoma and spine. In scorpions the 
nervous system is less concentrated and the ventral cord has 
seven discrete ganglia the first of which corresponds with the 
segment bearing the 3rd lung-book and the last with the 4th 
raetasomatic segment. The nerves to the chclicerae and re¬ 
maining appendages, up to and including the 2nd lung-boo 
arise from the collar or from the sub-oesoplmgeal ganglion. 
The right and left halves of the ventral cord remain distinct 

throughout its course. 

The chief sense organs arc eyes which vary in number rom 
two. in Acarincs and Tardigrades. to twelve. Their grouping 
ia often of systematic importance. Some mites are blind. 
Auditory organs, which may be prcsume<l to exist in those 
Arachnids such as the scorpions and spiders which have stridu- 
lating organs, are apparently represented by sensory liairs usually 

on the pedipalps or on the walking limbs. 

Arachnids arc dioecious, but os a rule there is little externa 
differentiation of sex except amongst tlie spiders, where the male 
is often much smaller than the female, and amongst some mites. 
The Phalangids possess a large extrusible ovipositor and penis 
and in the spiders the pedipalps arc curiously modified and used 
in depositing the spermatozoa in the female orifice. 
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Flo. 607.—’Male and fornale geoonative orcaos ot Phtinti 

rXeUM; ?Tv^d^iLr: 

enUn p penU with accessory glands • R rvtparKir 
mu*d« ; Ot ovary ; V nittd.Op ovJp^MWr ' 


The reproductive organs with the ducts frequently form a 
ring, sometimes a network, which encircles the alimentary canal 

and nervous system. 
The oviducts and vasa 
deferentia unite to 
open by a single, 
median, ventral pore, 
except in Lxmuhts, 
which has paired 
pores. The ring-like 
ovary and testis of 
the Acarines and 
IMialangids have be¬ 
come in the scorpions 
and in LimiUus reti- 
form and lie embedded 
among the digestive 

• j . , g’ands. Receptacula 

seminiB and vcsieu ae sennnalea arc usually swellings on the ducta, 

but m sp.dera the former are distinct from tl.e oviducts and 

open just m front of the female opening. Acoessoo' glands are 

also usually present but their exact function is still obscure. 

The P^ipalps and scorpions and some mites are viviparous, 

Z bodiel As a rule 

Ih 7vi,rh notes are often 

a scr f °f "“Iking limbs and pass tlirough 

The pl, n bneo'ning aduft. 

rf-.Thi>enteil only by developing eggs. 

eomelif "tllm"”''" T P'^^h’ “nd on animaH and 

nrajor:;r;rrarh:;i^“ 

:;:h rr :pt “ - pXx-a^d mt;^ 

Xnds^^ t sr~marxt ^r-r 

numbersof individuals live together but the 

“S' 
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belong to the Scorpionidea and are found in the Silurian deposits ; 
spiders and Pedipalpi are also Palaeozoic but do not occur before 
the Carboniferous. 

The following classidcation of Arachnida is adopted in this 
work :— 


Sub>clas8 I. 
Sub-class II. 
Order (i) 
Order (ii) 
Sub-class III. 
Order (i) 
Order (ii) 
Order (iii) 
Order (iv) 
Order (v) 
Order (vi) 
Order (vii) 
Order (viii) 
Order (ix) 


Pantopoda (p. 781). 
Merostomata (p. 785). 
Xiphosura (p. 786). 
Eurypterida (Extinct, p. 796). 
Ecabachkida 
Scorpionidea (p. 798). 
Pedipalpi (p. 807). 

Araneida. (p. 811). 

Palpigradi (p. 827). 

Solifugae (p. 829). 
Pseudoscorpionida (p. 833) 
Podogona (p. 836). 
Phalangidca (p. 837). 

Acari (p. 842). 


Sub-class I. Pantopoda (Pvcnooonida).* 

A 'peculiar group of Arachnids in which the segments correspond- 
with the meso- and meta-aoma (abdomen) have disappeared. 
The eighth aeginent—~thcU which corresponds with the pre-grnifal 
evanescent segment in Limulus anti Scorpions—exists and bears juUy 
developed legaon which the genital pore opens, though the latter may 
he repeated on the fifth and sixth and seventh segments. 

The Pantopoda are all marine and are usually found crawling 
slowly over sea-W'eed or amongst zoophytes. The body is alwaN s 
small us compared with tlie legs, and it consists of four regions (Fig. 
509). The first of these bears anteriorly the proboscis at the tij> t)f 
'^hicli irt the small, triangular mouth. The ijrobosfis is I'eganhMl 
as an outgrowth of the parts surrounding the mouth ami it varies 
greatly in form and size. It maybe almost immoval>l\' i-onnwtcd 
wjth the prosoma or it may bo articulated and so movable. 
Ucliind, four anterior, primitive somitc.s are fused to form the 

• Hook, ChalUnger BeporU, vol. iii. No. 2, 18»l. Dohm, Found at\d 
'••ora d. rjolfcs v. Ntaptl, iii, 1881. 
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first region. This bears four paire of appendages usually called 

(i) the mandibles, two- or three-jointed and often chelate; 

(ii) the palpi, three- to ten-jointed ; either the mandibles or 
the palpi may be absent in the adult or at some embryonic stage, 
but they are always present sooner or later; (iii) the ovigerous 



Fio. 608 .—vvctxogonoiiUM (rtgno anlmai). Da prolwngBUcnia of aliiiscntarv canal 

Into the legs. ' 

legs, always present in both sexes; they are' usually ten-jointed 

and in the male bear the eggs. The posterior part of the first 

region bears two lateral processes at whose extremities (iv) the 

first walking legs are articulated. The legs are eight-jointed 

end in a claw and in some cases two accessory claws. Be- 

hind this first region come three free segments corresponding 

mth the sixth and seventh and eighth somites of the scheme 

(p. 77o), each bearing a pair of walking legs at the end of lateral 

processes which stick out from the body. Between the last pair 

of piw^es a tubercle projects which bears the anus at its end: 
this IS the rudimentary abdomen. 

Pantopoda usrally possess four eyes situated on a tubercle 
borne dorsaUy on the first region. Even when the eyes are absent. 
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• Iiich is often tlie case in tlcop-sca species, tlie tubercle persists. 

1 he chitinous cutu’le wliicli covei-s the body 'iS provided with 
numerous cavities wliicli open to the exterior by narrow canals. 
There arc no specialized respiratory orj^ans and Hock holds 
the view that these cavities assist in tlie necessary excliange 
of respiratory gases. Tlie cuticle also bears bunehe.s of bristles, 
probably sensory. It is lined by a nucleated, protoiilasinic 
layer which represents tlie ectoderm. Numerous gland.s open 
to the surface, especially on the palps and on the ovigerous legs 
where their secretion serves to attach the eggs in tlie male 
during the breeding season. 

The nervous system consists of a chain of four or live ganglia. 
The first or supra-oe.sophageat gives rise to the nerves wliicli 
supply the mandibles or first pair of appcrulagcs and theeye.s, and 
to an azygos dorsal nerve which runs to the probo.scis and there 
forms a ganglion. The first sub-oe.sojihageal ganglion send.s oil 
a pair of nerves to the probo.scis, each of which also forms a 
ganglion, and the three ganglia in the proboscis are connctttd 
by a periproboscidial nerve ring. From tlic siib-oesojiliageal 
ganglion two more pairs of nerves arise, tlie anterior of the luo 
run to the palps or second appendagc.s and the other to the 
ovigerous legs. This ganglion consists in tlie young forms of two 
separate ganglia whicdi sub.sequently fuse. 'J he suh-oesopliagcal 
ganglion is followed by a chain of four or more (rarely of thnO 
thoracic ganglia, which supply the four jiair of legs and giv« 


off nerves posteriorly to the rudimentary abdomen. 

The proboscis is traversed by an oesophagus lined with a 
chitinous lining which is produei^d into siiines and teeth aiul 
plates The latter arc conspicuous in the enlargement which 
occurs in the oesophagus before it leaves the proboscis ainl.iu^ 
numerous muscles run from them to the wall of the proboscis, 
it is not unlikely that they act as a suctorial uiiparatus. Ueliind 
the nerve-ring the oesophagus projects into the stomach so os 
to form a valve and in this region certain glands are described. 
The stomach is beset with glandular villi and it gives off a (< rtain 
nurtber of tubular digestive caeca which may extend into tlie 
proboscis and which do extend into the legs and mandibles even 
u far as the sixth joint. A short rectum leads to the amis which 
in Coloseendeis is laterally placed. 

There is a dorsal heart with usually three pair of ostia and 
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an anterior pore from which the blood flows when the heart 
contracts. In. Colossendeia there is no pericardium. Respiration 
is cutaneous. 

The testes are two longitudinal tubes lying in the body and 
connected posteriorly so as to be U-shaped. They give off 
.^cgmentally arranged vosa deferentia which pass to open on 
the tibial or fourth joint of either all the walking legs, or of three 
pair, or of two. The ovaries are shaped primitively like the 
testis, but in many forms the portion in the body atrophies and 
the ova all arise from lateral i>ortiona which have grown into 
the legs. The fertilization is external and the males carry off 
the eggs on their ovigerous legs. The young are often hatched 
^vith only the three anterior appendages. 

Dr. Hoek • divides the Pantopoda into four families 


tarn. I. Nymphonidae, In this fnmily the mandibles and palpi are 

dt'\tlop>eJ, the ovigerous legs present in both sexes and as a rule 

tli. y hoar denti»ulfttc-.l spines. Tlio only genus is Xymp?U}n with some 
1 irty 

^ lyn, .. ColosseadelddB. MandibU^a rudimentary or abaont» well 
{itilpi, and ovigoroua lega in both sexes as a rule with denticulate 
nt riu- family is by for th<' largoj^t in the number of genera it con- 
■ ’ J nchniiu, Phatindemu.^. lihytich .thorax, Pephredo, Platy- 

tflus. •>tc€ahalh(«. Ascorlvjmhu.^, ZtU.^, ParaztU.^, Pariboea. Alcincu.-*, 

A c hcl I a . Tanystylnm, Lccuhorhynchmf, 
Oorhynchu^. Colosaendcis. Paaithm'. E,\d>i^, 
PUcoarachnr, Parana, Clotfnia, Tryya.tu. 

tarn. 3. Psllenld&s. Stroncly de\t>loped, 
clulato mandibles, palps rudiiut iitary or 
al'sent. Only three genera; I'nlUne with 
•^vicereiis logs in boih so.tps f irnished with 
<i*'ntieiilat« sonlos ; and >'•/V/hYi’c/imwi, somi' 
Bpoojoa witli ovigerous l.'gn pro.-ient in both 
HvKea l<ut without deniu iilato Sonias, inother 

'*pe( io3 fho ovigerous U-gs are vuntineJ to 
the fualos : X^opallene. 

Hnnnonia hu-, . ■ : i , ^ palpi absent or nidinientory. 

iW/rA,7u, and r'y/u,,/.!'.,,,',;. Vev ■ iT'' '“'T dviiti. vilate spines. 

n f,r\\i tboiii c.nly in tlie male 



tiOMjii />(-rKv’< nio.j 
AH r.tilr -fl.-pj f ,, ( 

Hlrf tilt,- 

I'ani. \ Phoxichilidae 


• Wohavo r. ll oir.l Hr Hoek in tl.i - i 

kesters arti-le tlio N'\mphoiudiu’ u.lmI ‘ii. but in Lnn- 

doe with the genus Puiu\.: nre or .1 , ‘^yrn/.htm uiul the Palleni- 

The family Ascorhxm. liitbi.. „i,i, Hi **"' ^'yrnphonomorpha. 

together with the fiunil v r. ^..i,d Ammofbea, 

/>i#eoarorAn«, make up the group Worbv.. 1 ' " ''»,</»■« and 

the Pj'cnogonomorohn. cotnpris<. tl.e t,ii iK tTOup, 

ffonnoma and the rvcnogoiiultw uith the gonus 

PhoxUhUus. ' P»/cno(jonum and 
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Sub-class II. Merostomata.* 

Aquatic Arachnida with a fused cephalothorax {prosoma), a 
more or less completely segmented abdomen, and broad abdominal 
appendages, in some and probably in all cases provided with 
foliaceous branchiae. The appendages of the pregenital segment 
appear to persisV, though the segment itself is evanescent. 

The name Merostomata (Dana) is liere used as adopted by 
H. Woodward, and in place of Gigantostraca, which lias been 
employed in antithesis to the cru.stacean divisions Entoinostraoa 
and Malacostraca. Tlie subdivision Eurypterida is used in tlie 
sense adopted here by Huxley (Lectures on Natural Hi.story). 

The Merostomata f are characterized by the modilication of 
the coxal segments of the second to the sixth cephalothoracic 
limbs to subserve mastication. The first pair nfajiparent limbs 
(clielicerae) are chelate, and do not take part in limiting the rnout It 
space. The last pair (seventh) are ropresenUd in the Xiiihosura 
by a pair of unsegmcntcd appendages (thecliilanu). to whicli the 
more or It'ss deeply divided median plate, tlie metastoma, ajtpar- 
ently corre.sponds in tlie Eury])tei idu. 'I’hc abdomen in the 
latter group is coiiijiletely segnientid int<j luelve .segments, 
as ill the kScorjiions ; of tlie.se the anterior six oiil\'aro indicated 
in tlie recent Xijiho.sura, allliougli intcrirn’iliate comlitioiis urc 
pr(*.sented by fossil forms. The an(<‘rior fiv or .six segments 
of the abdomen bear broad jilate-like limbs. In I he Xipho.siira 
the second to tlie sixth of llic.'ai are furiiishi*! with foliat-cous 
branchiae, and lliere are indiiaitioiis of siniilur structure.s in the 
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Eurypterida. A spinc-likc or plate-likc t<’]son tcrTninatcs the 
body. 

The Xiphosura consists of the recent species of King Crabs, 
with some allied fossil forms, but no remains of the Euiyptcrida 
have been found subsequent to the Carboniferous period. 


Order 1. XIPHOSURA. 


Merostomaia with the. abdomen consiaiing^ in the recent members^ 



FIO. SlO.—Doiul view of £imWiu pofraAttitu xi i 
Uwiu; 2 •bdomeo; s cau«iil spt": 4 mMlan 
Utonl tfta (from Slilrley aad MacBride). ‘ 


of six fused seg¬ 
ments anteriorly, 
hearing six bira- 
mous appendciges, 
and of an unseg¬ 
mented 'posterior 
region. The 
seventh cephalo¬ 
thoracic appen¬ 
dages (c4i7ana) 
are distinct and 
U’nsegmenied. 

The body of 
Limulus, the 
King Crab or 
Horseshoe Crab, 
is divided into 
three parts which 
may be called, 
without implying 
an exact homo* 
logy with parts 
so named in 
other groups, the 
cephalo thorax, 
abdomen and 
caudal spine. It 
is covered with 
a hrm smooth 
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cuticle bearing the appearance of lacquer, and pans of the 
under surface arc clothed with hairs. 

The cephalothorax is semicircular in outline, with projecting 
postcro-lateral angles. It is convex above and presents three longi¬ 
tudinal spinosc ridges, a nit'dian and two lateral. A pair of median 
eyes are situateni one on cither side of the anterior spine of the 
median ridge, and two large lateral eyes, considerably furtlier back 
(at the level of the mouth) and external to the lateral ridges. On 
either side of the median ridge i.s a longitudinal groove, both of 
which, like the ridge between them, are continued back on the 
abdomen and give rise to a tripartite division of the body recalling 
that of Trilobites, a resemblance which the fuller knowledge 
of the structure of these animals which we now’ posses .shows 
to be only superficial. The mouth is situated far back and 
the under surface of the cephalothorax is deeply excavated to 
allow play to the limbs which are grouped about it. 

The abdomen is movably articulated w’ith the cephalo¬ 
thorax, and deeply notched behind for the caudal spine. Its 
lateral margins, which converge posteriorly, boar 6 movabl(‘ 
spines inserted into notches. (Corresponding to these spines, 
and to the limbs borne on the ventral surface, 6 paired depressions 
are found in the longitudinal grooves on the dorsal surface, 
indications of a segmentation of the anterior part of the abdomen 
wliicli is much more obvious in the embryo. Like the cej)liaIo- 
thorax the abdomen is deeply excavated below for the reception 
of appendages. The caudal spine is movably articulated with 
the abdomen and the anus opens ventrally at its base. 

A comparison with tin* Euryptcride and with iSVorpio shows that tlu‘ 
region of the abdomen l>ehind the lost (fith) abdominal limbs roprrw’iits 
the six poHtorior Bcgiiicnta of tbo bmiies of these animals. Tbo 
antoririr (7tb-9tli) of those aro for u brief porio<l dolinod in Limulw, by 
the oegniontaliun <»f the l«r%'n. 

A prominent longitudinal ridge, laterally flattetmd, ther/iwcro- 
6lome, lies in front of the mouth, in a |)ortion corresponding u itii 
the upper lip of Crustacea and the labrum of insetds. Hehind 
the mouth is an oval cubliion-like area, covert'd with short 
hairs, the promesoslrrnilr of Lankester. 'J'he appendages of tin? 
cephalothorax are grouped in a ring about the mouth and 
this area. They are seven in number. The most anterior, 
the chtlicereu (I), are slender and chelate, consistirjg of three 
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segments, and are inserted by narrow bases at the antero¬ 
lateral angles of the camerostome. The five succeeding pairs 

subserve the 
* double func¬ 

tion of masti- 
cation and 
locomotion. 
Their broad 
bases of inser¬ 
tion are pro¬ 
duced intern¬ 
ally intospinose 
masticatory 
lobes, which 
form the lateral 
boundaries of 
the extra-oral 
space. In the 
female the four 
anterior loco- 
motory limbs 
(II -are 
chelate, while 
in the adult 
male (t h e 
young males 
resemble t h o 
f «■ m a 1 e s) the 
.i ; 4 rU*'\ic»'rn- . 5-9 the (II)* (iH L. 

u loTiulum i.f 4t* !• .innji) ll-J% t \ 

• iiwi.irnhki \:-5 10 rtTHii fnotuccanu^'i and 

... JK chiUru 1711, .viihula! r 7 ' • 

‘‘ • •'lit! y .MaairM. 1 ' Muq^Aptna 

It , . tlie first two— 

a,„ I U. The rifti, ,K,ir (VI) differs from 

the 1 ,^ tlu- „ peedisr eurv, a spathulate pro¬ 
cess avi. ulated to ,.„„-cl.rlate 

ter,„manon. and I.v ,l,e pn-senee of a Rroup of four broad im- 
bneatod slum s a I,,,.I, a,e a. paraleiy nu.valde, al the distal end 
of the antepenult,M,au. sepunent. These are used ,n shovelhng 
back the mud or sand ,n « h,eh theani.naU hve, and in propell¬ 
ing them forward. The spathulatc process rrvali- a crustacean 



r. . 
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n. 
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I: : • 

t lo k, 


XIPHOStJRA. 


789 


ezopodite and helps to separate and hold apart the gill*book 
appendages. 

The seventh pair of appendages are the chilaria of Owen (VTI). 
They are unjointed flattened processes, projecting vertically 
downwards, and limiting the extra-oral space posteriorly. 

The significance of these processes has been much debated, and their 
appendicular nature denied, but Kishinouye's discovery of a mesoblastic 
somite and a pair of ganglia in the ventral chain corresponding to them 
in the embryo, and Brauer's demonstration of a transient pair of appen¬ 
dages in their position in tho embryo of tlio Scorpion, remove all doubt 
as to their nature. 


The number of the abdominal appendages is si.x pairs, corre¬ 
sponding to that of the depressions in the upper surface and of 
the movable spines at tlic sides. They are lamellar in form and 
resemble the limbs of many Crustacea in so far as they are 
partially divided into a slender internal process and a broad 
external plate. The appendage.^ of the anterior pair (Fig. 511, 
10) are united in the middle line for the greater part of tlieir 
length to form the operculum {\TII) which bears the paired 
generative apertures near tlie base on the po.sterior aspeet. 
The opercular endopodites arc more prorjiirient in the female 
than in the male. The operculum is inserted, in the adult 




on the liindcr part of tljo cephalothoiax, but in the embryo 
its halves are clearly seen to 4 

be the appendages of the an- ^ 

terior abdominal segment. 

In the remaining five pairs u. ^ 

(IX-XIII) the appendages of 

opposite sides are free from ' "^0 

one another (the sterna of tho L J 

segments from which they - J 

Hpring being each produced into 

^ pointed process between 2 ' 

tbem) and their oxopodite.s hear t 

on the,r posterior surfaces the .li'.-t'l:,*:, 

<lclieat<5 branchial . a ouur, nu>\ 4 iiiin r i wi-* 

lurin lia< , .ip|m (AfU r \'iiu .l.-r Mr>.jrnl. 

superposed like tfie leaves of a 

book, to the number of 150 to 200 for each litnh (Fig- •'">12). 
Ihfc animal is able to propel itself in the water by the flapping 
^‘tion of the ubdijininai appendages. 

A remarkable skeletal structure, the ootosternite, lies in tho 
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interior of the cephalothorax dorsal to the ganglionic chain 
and ventral to the alimentary canal. It is a bilaterally sym¬ 
metrical cartilaginous plate, unconnected with the exoskeleton, 
and serves as the point of origin of muscles. A similar structure 
is found in Scorpions and Spiders (p. 778), and also among the 
Crustacea {Apus, etc.). 

The Centra] Nervous System of the adult is highly concentrated. 
The brain, which forms a compact mass obscurely divided into 
lateral halves, together with the succeeding ganglia as far as 
that of the first abdominal (opercular) segment, form an oval 
ring round the oesophagus, from which a double cord extend-s 
into the abdomen, with ganglia and nerves corresponding to 
the posterior abdominal appendages. 

Its composition lias been eluciclftOHl by Kisijinouyc. Patten and others. 
It appears that the hrain is composed of two pairs of gancrli*'. an anterior 
and posterior, united by coinmissiires, of the large ganglia of the lateral 
eyes, an<l of a median ganglion supplying the median eyes. Its under 
surface l>ocoiiies jnarkodly oonvoluted in the adult. Besides tho eyes it 
suppliuH the median olfnctory area. Tho ganglia of the rhilicerac (tho 
lirst postoral) do not fust* with the brain as they do in tho Scorpion. 

In tile embryo a pair of ganglia on the tlouhlo ventral coni corresponds 
t<i each pair of theraric (including the chihiria) and ahdoininul app<'iuhtgcs, 
and a terminal pair, behind those of the tith abdominal, supply thehimlcr 
part of th'* Ixidy. 


Sense Organs. Sensory cells arc abundant on the ma.sticatorv 
proccs.s«‘H of tlie thoracic Hmb.s and on their tliclae. aiul Liver a 
slightly elevated median area, the olfactory organ. Ivitig in 
front r>f tlu* caincrostome (Patten). 

Ilif median eyes lit* clo.se togcthcT on either side of a median 
spine. Idkc the median eyes of the .Vrachnida generallv they 
consist of luo wcIl-tnarkcLl layers tif cells- an upper, forming 
the vi) rciuis hody ’ contiiuious with, and little modified fiom, 
the adjacent cell.-j of the liypodiTmis. and a deeper layer forming 
till' Both layers are eoneave, in adaptation to a lenti¬ 

cular thickening of tlie cuticle. Tin* cells of the retina arc large 
and oval, and pi.dong.'il into nerve tihre.s. 1'}uy arc arranged 
in group.s (ornmatidia) each consisting of some 7 L^elis enclosing 
a rhubdome between them, and are surrounded hy dark jiigment. 
It ia possible tliat the median eyes of Umnlus are partially 
degenerated structures. 

The lateral eyes (I ig. n l,t) consist of a single layer of hypodermic 
cells in contact with the transparent cuticle, win !i is produced 
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downw.'xrds into numbers of conical procc.ssr.s. each forming a 
lens. Jlcneath the processes the hyj)o(h*rnial cells arc arranged 
in globular ommalidia, which resemble tastc*bulbs. They 
consist ot cells {reiiniUac), each with a highly refracting inner 
border (rhabdoni), grouped in varying numbers, commonly 
from 9 to 11, about a central ganglion cell. The rctinulae and 
the ganglion cell arc prorluccd into nerve processes, which unite 
in a plexus below the hypodermis, and the former, as well as the 
l)ypo<h‘rmic <;ells about them are highly pigmented. Between 
the ommalidia the hypodermic cells retain their simple columnar 
cliuraeler (Walase). 

'Phe lat(Tal eyes present a very sirni)lc form of compound eye, 
the elements of w hich arc largely distinct. In the other Aracli- 
nids the lat(Tal cyc.s of Limulns are represented by groups of 
eyes (Lankester and Bourne). In these the oininatidia are much 
reduced in subordination to the function of the eye as a wliole. 



fine® ommttidK of ihf> l/iicrai e?® of lAmuIui, // anti C thow the Id 
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ftbuts against tho epiblast cells of the surface at a point a little anterior 
(dorsal) to the point of invagination. Here the median eyes are formed. 
Tho mode of their development has not be<fn followed in detail, but it 
appears to be similar to that of the median eyes of Scorpio. Tho 
cells of tho superficial epiblast (hypodermis) secrete tho lens, and 
become tho “ vitreous body.” Tho underlying cells of tho invagination, 
tho originally deep ends of which are now directed towards tho surface, 
form tho rotina. 

In the cose of tho lateral eyes no invagination leading to a reversal of 
the retinal layer occurs. 
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Fid Dlftsnimmatlc view of tho loft of tho InhIv. frr'm 

tho irul^^ I S th • '►nd t'» tho sixth ccphal’thf*raclr Wuxh:* (tho h il rholioom, 

i- hi^ih n t>y tho ahovo tho *.( i . t)io Ncvoiith. Iho loU * luhvriiHu. L* luitn* 

I Ifii : 0 Uitf; 7 11 Itu'sooi'iiil al>diituin.xl month ; 

lA fiuuM ; lA cautlftl npin-': 15 otiihirlurn ; 1; 17 jir»»\oTilnouhw ; 1» ifito**tjho ; 
1\* ih • nf tw > hopatjo : lit* IoNm of iho livtT : heurt willi l iiiht mmioija 

• ‘tM» ; ’s: brandiiAl rotuniinff Iho Ihi* pmonnhuiu : 2A ;trit«Tior iiiodifni 

(friMitab nrifry \ 9a its* P ’Int of di>Ui**n into tuo nurRinal urtorio^ : C5 anterior pnirttl 
urtt n ; liO iirt<T> ; the :4ut*ariAl K«*» n bf'low it. Tin* ccntfiil 1 )«t>*oM!» system 

irt rl•^^ In j'lirroundrd by k Mood miiu» (fmni ?<htploy kiul Moi'Drldc, Rfl> f 

^t•u^k^rt. and, iu part, after Pnckartli. 


Alimentary Cana!, From tho mouth tho ocsophaf^us pas-^fos 
forward^ aiul flilntos fir.'it into a proventrit ulus ami tlion into a 
soTiu'uhnt I'lolnilar niusriilar stoniaoli. ulioso \\alLs arc raised 
iiu*> ridurvs ai?<l ccivc ia «.l u ilh <-hitin. .At the p!‘(.*jeeting pylorie 
'Titicf (tlio limit of i!u' st4»ino<ia*ann) tho chitin ends, 'i'he 
intestine runs .straiglit l>ai l< to ()u* short r«‘< tum, rocci\in|' in tho 
fophalolhorax llu- oritaa.s ot tlio t\\(' pairs of hepatic ducts. 
J lie Liver i.s of great size, and di.ipo.scd in svinmotricalh’ arranjjcd 
masses, its aeini togetlier with tho.se of tho generative gland 
forming a paeking f<tr ttie otlier organs of tho cephalothorax. 
It also extentl.s haek aloiig tlie intestine into the abdomen. 

The Heart (I'ig. 515) is fusiform, and lies d<.)rsal to the intestine 
over its anterior three <juarters. It is 8urround«*d by a peri¬ 
cardial Binus, coiumunioating with it by eight pairs of OStla. 
It gives off an anterior median (frontal) and five o cd arteries, 
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of which the anterior pair (named aortic arches), arching over 
the intestine, supply a continuous investment of sinuses to tlie 
whole of the central nervous system, and some of its brandies. 
There is a very complete system of arteries and veins, and the 
blood on its return journey to the heart enters two great longi¬ 
tudinal trunks (ll)> from wliich it flows to the six abdominal 
appendages, in the five posterior of which it is aerated. From 
these it is returned to the pericardial sinus (A. Milne-Kdwards). 

The blood is of an indigo blue colour owing to the presence of 
hacmocyanin. It contains granular amoeboid corpuscles. 

The Excr e t o r y 
organs, long known 
as the ‘‘ brick-red 
glands,” consist of 
four lobed masses, 
lying vcntrally in 
the ccphalotliorax, 

<>ppositc a p p c n - 
dages II-V, and of 
a longitudinal tract 
uniting them. From 
the posterior part of 
this a convoluted 
duct leads, accord¬ 
ing to Patten, to a 
papilla at the base 
of the fifth pair of 
logs. Until tlic dis- 
covery of this 
papilla by Tower, 
the duct was sup¬ 
posed to be closed 
in the adult. In¬ 
ternally the duct 
communicates by a funnel-Hhapc<l opening with a cavity in the 
posterior lobe of the gland, the rernains of the coelom of tlio 
fifth thoracic segment. In the embryo, lobes are also situated 
in the first and sixth segments. 

The Reproductive organs have a similar disposition in the 
two sexes. The testes and ovaries coiLsiat of systems of ramifying 
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tubes lying in the ccplialo-thorax and the abdomen. In each 
there is a median abdominal portion lying dorsal to the intestine 
and an anterior portion forming a widely distributed network 
of tubes packed among the acini of the liver. From these the 
paired efferent duets pass downwards to open by .slightly pro¬ 
jecting orifices on the posterior aspect of tlic open*ulum. The 
relation of the ducts with the coclomic S 2 )ace.s of the embryo has 
not been followed. 

The males are smaller than the females and arc further dis¬ 
tinguished by the hooked, not clielate, termination of the second, 
or second and third appendages, a character M-hicIi they uc(|uirc 
on arriving at maturity. Tlic spermatozoa have an oval head 
and a flagellum. 

.At the breeding season the animals {L. jxyhjjihcmvA) conic 
ashore in pairs, at high spring tides, the male clinging to the 
carapace <■»£ the female. The eggs are fertilized after they liave 
bi-en deposited in the series of holes which the female digs for 
their reception. The point selected is near tlio upper limit of 
liigli tide, and the mas.s of eggs produced is said to bo about half 
a pint in volume. L. longispinxis of Japan a}>{)ears to have 
biniilar liahits. 


In dev(‘lopnu*nt a blastodermic area is formed on the ventral 
siirtfifo of tlie yolk. A depression ropre.senting the blastoj)oi*o 
forms and leiigtliens into a “primitive groove,” at the anterior 
and posterior ends of which the inoutli and anus arc formed. 
'Mo- im-M.d.Ttn is formed by proliferation of the cells along the 
luiinitixf ^rronve. Later it beeonies segmented and eoelomic 
eaviti.s appear by splitting of the moRobla.st, in some of the 
segmeiil>:. Tlie relation between the fifth pair and the e.Tcretory 
organs is noticed above, and also the existence of a pair of incso- 
bliustii, somites and of a pair of ganglia corresponding with the 
cfnlana, thus establishing their ehnraeter as appendages. 

. On e.sreping from the embryonic cuticle the young Limulus is 
without an elongated caudal .sjiino and suirns freely by means of 
its a )doti,iri,il nppoiKl.iges. of uhiili only three pati-s have as yet 
b^n formc^dtFig.rilb). Uhtb its marlo-cl lateral eves, se-mented 
abdomen and body divide.! into nm.iian and lateral regions by 
lonptudinal grooves, it presents eonsi<l, ral>lo resemblance to a 
rnlobite, and the stage has in fact been called the Trilolntc stage. 
The number of segments composing the anterior division of the 
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Fio. 516.—Embryo of Limuiui, 
tn tbe '*Trikbito 

btatto." 0 I.uUral eye (from 
CUu9 dfti^r Dc»hm). 


body, and the nature of the appendages, however, render it 
highly improbable that the resemblance, striking as it at first 
appears, has any phylogenetic significance. 

After the first moult the caudal spine begins to elongate, and 
at this stage, while the abdomen re¬ 
tains its segmented larval character, a 
true affinity with the fossils Prestwichia 
and Belinurus of the palaeozoic rocks 
is clearly revealed. 

Four living species of King Crab 
are known * : L. polyphemua from the 
eastern coast of the United States, L. 

^ongiapinus from China and Japan, 
and L. moluccanus and rotundicauda 
from the Fast Indies. They frequent 
muddy shores where the water is two 
to six fathoms in depth, and often 

bury themselves in the mud. Their food consists of annelids, 
such as Nereis, and bivalves. 

dossil species of lAmultis occur in Jurassic and Triassie rocks ; 
while in the palaeozoic times an allied family, the //tmiaspidae, 
existed whose members {Hemiaspis, Belinurus, Preslwichia) 
resembled the young Limulua after its first moult. Tliey may 
hence bo regarded as persistent larval forms. The abdomen 
was much more completely segmented than tliat of Limulus, 
^nd in Hemiaspis there is a division into j)ro- and post¬ 
abdomen, affording a transition to the Eiirypterida and the 
Scorpions. 

On comparing Limulus with the Crustacea, with whicli it 
has, until recently, been usually ela.s.sified, we notice as conspicii- 
ous jjoints of difference the absence of appendages corresjionding 
with the finjt antennae, the division of the body into jiarts, of 
which the anterior includes seven segments,f and tlie absence 
^f a stage of development corresponding to the nauj>iius larva. 

he most definiU;Iy Crustacean feature is tlie biramous character 
o tiio abdominal appendages ; an<l the existence of median 
and compound lateral eyes makes, though le-ss strongly, in the 

t tS PwcocU. Ann. May. N.H. (7). 9. 1002. p. 25(1. 

th® aoj,*.-camonmtotno from piiiryd ru<liimvn(» raises 
‘aa whetlior it is not tho roproswiitativo of a pair of aian'inlagos 
“••torjo/ to tho cholicorae (p. 323) ills 



796 


CLASS V. ARACHNZDA. 


same direction. The Eur^'pterida, though more primitive than 
Limxdus in the complete segmentation of the body, afford no 
support to its Crustacean affinities ; on tlie contrary they present 
a highly specialized feature in the fusion of the seventh pair of 
limbs to form the metastoma. 

On turning to the air-breathing Arachnida we find, as was 
partially recognized long ago by Straus Durkheim, an almost 
complete correspondence in the adult structure, and the in¬ 
vestigation of the development of Limulus and of Scorpio has 
brought to light further resemblance, and also cleared up points 
of apparent differences. 

It appears that we have in Limulus a member of the Araclinida, 
which retains the primitive water-breathing habit, and, in the 
features of the abdominal appendages, some traces of the 
cliaractcristic structure of the far off crustacean stock from 
which tlic Arachnida originally sprang. 


Order 2. EURYPTERIDA. 


Merosiomoto U'\th the abdomen completely divided into tu'clvc 
s<'jmenl^, of uhich the five anterior bear appendages. -I meta- 
18 prest nl, apparently representing the seventh cephalothoracic 

Htnbf-. 


Iho Kurypterida were aquatic (marine and freshwater) forms, 
firescrved in the Palaeozoic rocks from the Silurian to the 
< iirhu?uftT(>ii3. In scuue respects they are intermediate between 
(Xiphosura) and the Scorpions, notably in the complete 
Bcgnicntation of tlic alKlomen, and the more anterior position 
of the innutli. The mouth cavity (i.e. the cav'ity lying outside 
the moufli proper and between the bases of the second to the 
Pixth appendages) is closed behind and below by a large oval 
plate, the metastoma, presenting a deeper or shallower notch 
in the anterior border. It corresponds in position with the 
chilana ui and apparently represents these appendages 

fused togetin-r. If tliis cont lu.,ion is correct the ceplialuthoracic 
appendages correspond in number uith tlioso of Liwh/u.?. The 
chelicerae* are chelate, and are short and included between the 
second pair of appendages in Kurypteru^.ov long as in Ptenjgotus. 

• The proaenco of these ai>t>cndugos in L’urypr. r«.», auspocted by Laurie. 
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The sixth pair of limbs are large and paddle-like. The five 
anterior abdominal segments bear plate-Lke aj)pendages, over- 
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projecting baclrwards between the halves of the operculum, 
and covering paired styles which project in the corresponding 
position from the second pair of appendaiges. Only a small 
shield-like median structure is found Detween the halves of 
the operculum in the supposed males. 

The six posterior abdominal segments are closed rings and 
the anus opened on the last. The telson is spine-Uke in Eury- 
ptfrxw, a flattened plate in Pterygotus. 

In addition to the sexual differences above noted (in size, 
and the structure of the organs on the first and second abdominal 
segments), the supposed males have, in Eurypierus, a hook-like 
(clasping ?) structure on the third pair of cephalothoracic appen¬ 
dages, those which in the males of lAmvlus are also modified. 

Some of the Eurypterida attained a length of nearly five feet. 

Fam. 1. Eurypterldae. Enrypteruji EVkay, some 20 epp. from Silurian 
to Carhoniforous ; StyXnnur-u-o Pnpo, Silurian and Devonian ; DolichopitrM^ 
Hall, with d»K*ply cleft niotastoma, Silurian N. Am. ; Slimonia Pago, 
Devonian of Scotland. Pteryyofus .Agaseiz, with long powerful cheliceraa, 
Ordovician und Devonian of Europe and N. America. 


Sub-class 'A. Etarachnipa 

Air-hrrnthing Arachnida udth fused head and thorax {prosoma), 
ndth tm) pairs of jaws, four pairs of amimlatory kgs, and apodal 
ahdamen {nicso~ and meta-soma). 

In this group the respiratory lamellae and the abdominal 
limbs hearing them have apparently sunk into pits in the body 
and given rise to the pulmonary sacs with their contained lung- 
books. In some forma the lung-books are rt*placed by tracheae. 

Order 1. SCORPIONIDEA • 

Arachnids with jyro-, mesn- and nuta-soma dearly disiinci; 
the prosoma xs cav, red hy a single dorsal fergum which bears median 
and lateral eyes ; the small cheliarac and the large pedipalps are 
chelate ; ike 3rd, 4th, Sth, and 6th jointed appendages are walking 

fol? S’..':: . .DanUc^tcr. (^uarr. J. Micr. Set., xxiv. 


1884. Laurie, Quart. J. AJurr. Set. 


XXXI, IH90 and xxxii, 1891. Pocock 


^n.^ag. Nat. HtM. {6), in, J893. Kraopolin, Scorpioues, Dae Tierreieh. 
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hf}8, the first two with qnathohasts ; the first Tnesoso7Tint{r, scgineiU 
bears the genital operculum, and the secomi the pectines, the 
next four two lung-books; the five posterior segments are 
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compressed and form a tail whickt ends in a post-anal sling 
provuUd with poison glands. 

®<5orpion« are amongst the oldest of living animals of 
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which we have fossil record, having persisted witli compara¬ 
tively little change from Silurian times. They inhabit tropical 
and the warmer temperate countries, c.g. the Mediterranean 
area, but they are intolerant of the sun and usually lurk in 
crevices and under stones during the day-time but become 
active after dusk. Then they seek their food, which mainly 
consists of insects and spiders. 

The tergum of the prosoma (cephalo-thorax) is somewhat 
a'luare with often a low median keel. Near the middle line 

arc tuo central separate small 
eyes and at the edge arc two 
to five lateral eyes (p. 334 ff). 
Some species are blind. The 
mesoaomatic (pre-abdominal) 
torga are wide plates separated 
bv .soft skin from the ventral 
sterna. The metosomatic 
segments (post-abdominal) are 
encased in ehitinous rings; they 
are compressed and sliow no 
trace whatever of soft skin 
except between eacli segment. 
Tlie post-anal poison-sting is 
bulbous with a sharp jmint ; 
close to the tip are two minute 
openings which communicate 
with two poison-glands in the 
bulb. 

The appendages arc as fol¬ 
lows (Kig. 518) : — 

A. (hi the pnxsoma : 

(i) 3'lie ehclicerae, small 
three-jointed, chelate appendage.'^ almost hidden under tlie 
anterior edge of the prusomatic tergal shield ; the teeth on the 
claws are of much systematic importance. (ii) The pedipalpi ; 
these are the well-known six-Jointctl nippers of tlie scorpion 
with powerful chclat*.' terminal claws, their coxae arc pro¬ 
duced in towards the mouth as a gnathohase. (iii), (iv), (v), 
and (vi) The w’alking legs ; they are six-jointed, though a 
marking in the fourth joint may imlicatc a sc" - nth ; numbers 


A 
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(iii) and (iv) have distinct gnathobases produced in towards 
the mouth {F g. 519) ; each walking leg lias two terminal claws; 
between the bases of (v) and (vi) is a plate of varjing out¬ 
line, the sternum or metasternite, whose shape is of great 
Byatematic importance. A segment belonging to the prosoma 
exists in the young embryo (p. 775), but it disappears at an 
early stage and leaves no appendages or indeed any other 
evidence in the adult that it ever existed ; a similar segment 
also disappears in lAmulus (p. 789) ; weliave followed LankesU-r 
m omitting it from the enumeration of the adult segments. 

B. On the mesosoma : 


(vii) The genital operculum (Fig. 519), a foliaceous flap 
with traces of a paired origin, w hich, when lifted up, reveals the 
openings of the genital ducts. (viii) The pcctincs, each with 
a base bearing numerous processes like a comb ; the function 
of these appendages is tactile. The appendages of segments 
(**)» (x)i (xi) and (xii) consist of a base bearing some 140 flat¬ 


tened leaves which act as respiratory organs ; in the adult 
they are contained in the pulmonary sacs, but in tlie embryo 
they arise as external processes which lat^r sink into a pit j)re* 



Pf ^ ® 7 0 O 

action Uimi'gh the lio-Jy •>] kate-ftpiut It. Ui*’n-clon <'f 

»Sr?i I AirtncDUr> ciiul. "I ua*- 

; 8 anterior aorta ; 4 cntlfMU-nilU- ; 0 »ui>ratiPiirHl i.JaU- of cndo-lcfiiH'' . 
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pared just behind them ; had they remain<*d outside tho body 

they would have looked exactly om the gills of Limuiti^ look 
(Fig. 612). 

Z—III 5 F 
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C. On the metaaoraa there are no appendages. 

Within tlie body there is an internal skeleton in the form of 
the endoetemite just as there is in Limulus and Mygale, It 
takes the form of a complex, triangular plate pierced with lioles 
for the nerve-cord and for blood-vessels to traverse, and its 
edges are produced into processes for the attachment of muscles. 
Its texture is cartilaginous, though histologically and chemically 
it differs from vertebrate cartilage. It yields chitin instead of 
gelatine. It lies obliquely in the body and roughly divides the 
cavity of the prosoma from that of the mesosonia. Little is 










known about its origin or about its 
^ function. There is a second small en- 

dostemite v'cntral to the nerve-cord 

^3 segment which bears the pec- 

tines. 

jf 4^^ The mouth is minute as beffts a 

creature which takes only liquid food, 
chiefi 3 ' the blood of spiders or insects. 
It opens into a suctorial phar 3 mx with 
I ^ elastic, chitinous walls. These walls 
i divaricated by certain extrinsic 

jj 'v M uiuscles and thus the pharynx acts as a 

V\ Ji ? itl i suctorial stomach. From this an oeso- 

phagus (Fig. 621) passes backward 
receives the paired ducts of two 
\/^r sahvary glands. Salivary glands are 

^ usually associated with terrestrial life 

eio si:i. lA.rKAi viuwof found in Limvlua. The 

intestine, into w hich the oeso- 
tfrom L^arkart/*P^^gus Opens, runs witliout twist or 
■ *3 cuTve to the anus. During its course 

s*intHt‘il receives as many as five or six lateral 

ducts which lead from as many lateral 
fT>. , , S^tric glands, often collectively termed 

InmATi f n 1 ^^ j passes from the narrow intestine into the 
lumen of these glands and is t here digested. At the anterior 

end of the metaeon.a the intestine receives the openings of two 
or four malp,gh.an tubules engaged in excreting waste nitrogen¬ 
ous ma^. The occurrence of these organs again seems to be 
favoured by a terrestrial mode of living a,id they have probably 
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arisen more than once in tJie history of invertebrates. In the 

scorpion they are said to originate from tlie mcsenteron and 

are tlierefore lined by hypoblast, wliilst in insects and most 

araclinids they grow out from tlie proctodaeum and so are epi- 
blastic in origin. 

There are however in scorpions and other Arachnids other 
glands engaged in the same work of ridding the system of nitro¬ 
genous excreta. These are the coxal glands. They lie one on 
each side in the prosoma just above the bases of theotli and Gtli 
appendages, and they open to the exterior in the young by a 
minute pore on the posterior face of the coxa of the 6th appen¬ 



dage (3rd log). At their inner end they open into a vesicle. 
The coxal glands are homologous with the green gland of 
Malacostraca and the shell glands of the Entomostraca and 
are derived from the coelom (see p. 317). 

The blood of scorpions contains haemocyanin. a blue-eoloured 
^piratory proteid, and the freshly shed blood is indigo in colour. 
The corpuscles are oval and large. The heart is a dorsal tube 
with seven chambers extending from the 7th to 13th segments, 
pair of valvular ostia open into the anterior end of eaeJi chamber 
a lateral artery leaves the posterior angle on each side, 
osteriorly the heart is continued throughout the metasoma 
aJs a dorsal aorta. Anteriorly a truncus arteriosus (Fig 522 , 76 ) 
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leads forwards and soon divides into two, from each of which 
six vessels are gi%'en off to supply the prosomatic appendages, 
and other vessels to the brain and organs of the prosoma. 
Behind the point where it splits the truncus arteriosus gives off 
a right and a left branch which encircle the alimentary canal 
and fuse in the middle line ventrally; these vessels are then 
cojitinued backward as a supra-neural arteiy wliich is in close 
contact with the ventral nerve-cord (Fig. 620, 7). 

The blood system of Scorpio is better developed than is usually 
the case in Arthropods. Tlie arteries end in minute channels 
not to be distinguished from capillaries, and these debouch into 
vvmH or into spacious venous sinuses. Two of the largest of 
rheseeinu.ses lie in the median line, one dorsal and one ventral. 
The former is the space of the pericardium ; its walls are fibrous 
and not fenestrated and the blood is returned to it by special 
veins, a pair m each somite, which bring the oxygenated blood 
back fmm the Iiing-books. From the pericardium it enters the 
osha of tl,e heart. 71,e blood is eolleeted for transmission to 
le gills hy the ventral venous sinus, and the roof of this sinus 
m connected witl, the floor of the perieardium by seven pair of 
1 ert .cat r enn pericardiac muscles, a pair for each segment tra- 
xersed by the pericardium. M'lien tl.eso muscles contract the 
<aMt.cs of the respective .sinuses arc enlarged and blood rushes 

they must tlicrefore play a considerable part in the 
.hstrihutioi. of the blood through the s,-stem. 

Itc pul,iionao' sacs, of which there am four paim, communicate 
dm St. n " obliquely on 

contain., ;..o!:. ,Ti 1i"' '■ 'r®- 

tbeso-callcd luug-hooks (, 80n "V,rr' 

V^ lf t m ro 1 T' " of oach leaf adheres to the 

be^g frcrF' T '.'T oo'.v a small part of the edge 

floM.s Within the' thin dit'iike'' b'ooJ to be o.vygcnatcd 

air by ,l,c mcubrarious wait ^'’parated from the 

The nervous Bvsfoni nf ■ . 

ganglion which suppll.-s the medhr-md ^^Pra-oesophagcal 

very thickened and concentrated VinV vl 

DhainiA Thifl Wfa 1 • "nich embraces the oeao- 
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first ten segments, and two ventral cords which, until they reach 
the nth segment, bear no ganglia. This and the following six 
segments have ganglia, the last lying in tlie 4th metasomatic 
segment; behind this, nerves supply the last segment and the 
post-anal sting. The sense organs are the eyes; and since 
ridges exist in some species on the coxae of the pedipalps or of 
the 1st pair of legs, across which file-like surfaces can be 
drawn, forming very efficient stridulating organs, scorpions pro¬ 
bably have some perception of sound. 

The reproductive organs* are retiform, the annular shape wliich 
is common in the Arachnida having become, as it does in Limulua, 
a network. The ovary consists of three longitudinal hollow 
tubules united by transverse tubules. It lies ventral to the 
liver, and is embedded in or closely attached to that organ 
and is confined to the meaosoma. The oviducts are con¬ 
tinuous with the walls of the ovary and pass forward and open 
by two pores on the genital operculum. The ova arise from 
certain cells lining the cavity of the ovary—the gonocoel— 
and when ripe project into it. They are fertih'zed in situ and 
the young scorpion begins its development within the ovary ; 
after a time it passes into the oviduct and is ultimately born 
a miniature of its parent. The scorpion therefore is 
Viviparous and has no larval stage. The testis consists of two 
lateral tubules connected by transverse ducts. The vas deferens 
is modified distally to form an intromittent organ and it is pro¬ 
vided with accessory glands. The spermatozoa are filiform 

and motile. The mother sometimes carries the young on her 
bock. 

The features which are mainly used in the systematic study 
of the scorpions are (i) the presence or absence of a tarsal 8j)ur or 
stout spine on the proximal tarsal segment of the last pair of 
legs ; (ii) the single or double basal spur which arises from t ho soft 
sldn between the last end the last but one tarsal segments ; 
(iii) the nature of the spikes or hairs on the under surfo/H* of tlio 
^t segment; and (iv) the shape of the sternum. | 

. Scorpions inhabit warm countries, some species burrowing 
m the sand. They shun the hot sunshine and live on insects 

♦ ^***S^**?*i? duct« are cooloraic ; boo p. 317. 

account wo have followed Kroopolin, 



CLASS V. ARACHNIDA. 


806 


and Bpidere, which they capture witli tlieir powerful pedipalps 
and sting to death with tlieir poison sting. Tlie metasoma is 
carried turned forward over tlie mesosoma when they run. The 
stories of their deliberately committing suicide when surrounded 
by a ring of burning cool are fabulous, though in their pain they 
lash their tails about and may wound tlieinselves. 

Geologically scorpions are very old though there are but few 
fossa reiwesentatives. Palaeophonus, apparently an aquatic 
form, in the arrangement of its walking legs and the number of 
ite gnathobases is primitive. It and Proscorptus are Sdurian, 
Eoscorptw Carboniferous and Tityus Oligocene. 

There are 6 families amongst ftliich arc divided some 300 
species, negiectmg a good many doubtful ones. 

huthut from Um Gulf f A i K(*neru tat li litivo one species, JUicro- 

with f Brazil ; Archito^ 

•peciee all Afrin^T^ o /r'*'" Africa and Auslnilia ; Vroplettes 10 

6 Central African 

8. American species TitwJiTl npecios ; Zabiu^ 1 

WorU speciee^^ ’ «PtM *C3 ; C< nlrurna 13 also Neve 

3rd and 4th !««. Lateral a* » ' »»de. No tarsal spur on 

«pecu>* ; fWu, 1 ■pecies W n Syrian and Arabian 

r'n'rfoni# fl Aii»t™li„,i Hpecies ■ w',‘ ’ Neotropical species; 

9 species from AfH< n anil Arabia ■' «poeio8 ; Pandinus 

2 <ip"ciew : OptMhoT^hthalmt^ S 

single i^pMriM and Ai\ \ tr V* ^ sporioa ; Htmiscorpion, o 

species; Ofristiuu^jiUhui, s ' ^ ®®'***‘Malagasy 

aTAfricir;;^*;! ^ Amenea; CheiocLus 

Bormurut 2 apftrvx Ori 1 E“st African islands ; 

; tomachus 2 Indian and East 

bristles benoS^lS'tern.ina" lol’"I'l^ T 

lateral eves with s v..n . i •' • "■bieh is not rounded. Two 

The movable daw of tii,. .-hellc.^noTl' narrows anteriorly, 

the PAdipi Urv a r.u - of i i- i bvars a row of low tooth and that of 

circular. 

pit. GW£^ Oriental species. ‘ “ 

roiindsd i bincr and outer tnraa] spur, terminal lobe not 

round^L Oft« blind but „I..n present Iho lateral eyes are two in 
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number* Movable claw of chelicerae very seldom toothed and then very 
weakly. Anterior end of prosomatic tergum not narrowed* The ridges 
or low spinee on the movable claw of the pedipalp in a row^ with eeattered 
ones on one or on both sides of it. Stigmata often efrenler. Stemom 
as a rule no longer than broad. Megacormus 1 Mexican ^^eeiee ; Bu^cor^ 
piu 0 4 Mediterranean species reach North to the Tynrf end East to the 
Caucasus. The common Italian species is E. itclicus. BeJisarius 1 Pyrenneaa 
species ; the following four genera are S. American» Chctdas many doubtful 
species ; BroUas 6 species ; BroteochacUu 4 epecies ; Tt^iikntusU4 3 species. 

Fam. 6. Vejovidae. An outer and inner tarsal spur. Ihree lateral 
eyes. Sternum usually broader than long with a deep median furrow. 
Last tarsal joint of legs with a median row of hairs or pap fl la e . Stigmata 
elongated. Median lamella of the pectines often mooilifonn. lurus 1 
cosmopolitan species; Sccrpiop^ 4 species from the soothsm slopes of 
the Himalayas ; IJrocionxu 1 species from California ; the foDowing three 
genera are from southern North America, AnurocionuB 1 species; Vejcnns 
8 species ; Hadrurus- 1 species; Hadruroi<U^ and CarQboe$(mtis both with 
1 Neotropical species. 

Fam. 6. Bothrlurldas. The sternum consists of two narrow plates and 
is very much broader than long, it is scarcely visible. The midd le lamella 
of the pectines is often moniliform. \Vith the except ion of Cert4)phoniu^ 
all the genera are Neotropical. Brachistostemus^ 2 eperios; Tfustylus 1 
species; f7ropAon{us 2species; Bothriurxis 4 ; I*konwc£rcus 1 species; 

Ctrcophofiius Australian with 1 species ; Ccfiironiachctcs 1 ^>ecica. 


Order 2. PEDIPALPI • 

Aracknida unlh clawed non-chclate chcUcfrac and datoed or chelate 
pedipalps. T/te abdomen (mesO' and mela-f:oma) maybe stalked but 

not universally 80 , it has eleven or twelve seymenis and sometimes 
bears a post-anal multi-segmented tail as in the Palpiyradi. 
There are four lung-sacs. The anterior walking legs are much 
demgated and act as feelers. 

The prosoma is usually covered by a single dorsal shield which 
bears anteriorly two median eyes and two groups of three lateral 
©yes, but some species arc blind. Vcntrally between the legs 
W“6 sternal pieces called the pro-, nieso-, and meta-'Stema. The 
two pair of lung-books lie near the poBt<?rior border of the 
©coond and third mesosomatic sterna. The chclicerae, which 
have but two joints, arc always provided with claws, and pro¬ 
bably, as in the spiders, contain a poison-gland, since the bite of 
these animals is much fear('d. Tlic bases of the chclicerae can be 
retr^ted into the ccphnUithorax. Tlic pedijialps, as the name 

* Kraoix'lin 8cor|>ionnfl ii. Tifrrtifh. 8 Lff., 1809. M. 

J^wri©, J. Lin. Soe., London, xxv, 1H'J4, p. 20. Tr. Lin. Soe., 

l^DdQii (2), Vi, 1804-07, p. 305. 
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of the Order suggests, are large and conspicuous. The coxae of 
the pedipalps are produced in towards the mouth. The various 
spines and hairs on its several segments are of systematic import. 



Fio. 623. Admelut pu-niiw. Kt Pcdipalpl ; Ob flaRcUiform .interior le^ 


I lie lirst pair of arnbulaton,' logs are produced into a long multi- 
segmented Hagellum or whip which is tactile in function. The 
remaining legs bear a pair of claws and a soft process tlic “ pulvil- 
lus ” is present btdwecn the clnw.s in some cases. 


\Vc know comparatively little of the internal anatomy of 
th( I t(h])alps. The mouth of Thetyphcnns opems into a pliarynx 
uhith is provided with muscles whose contraction enlarges its 
1mm n, tliis pn-sscs into a narrow oesophagus which pierces 
the nerve nias.s and enlarges into the mid gut. This gives off 
two lati ral digestive glands which split uji into five follicles 
ant (wo median di\crti<ula which are suit! to pass through the 
en u^tt rnite. In the abdomen the rnid-gut gives off the volumin¬ 
ous “ liver ” which communicates by four paired openings with 
Its lumen. Postcrit.riy the mid gut bears a large stercoral pocket 

which receives at one end ..r the ,.thcr tlie paired malpighian 
tubules. ^ ^ * 


Coxal glands are also well .IcvdoiH-d and lie under the endo- 
Btemite. Their e.\tcrnul op. tiing is still to seek ; if it exists 
It is probably in the neighbourlw.nd of the third appendage. 

The heart is elongated with two pairs of ostin o the prosoma 
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and seven behind. Tlie respiration js carried on by the two 
pair of lung-aacs mentioned above. The nervous system is 
very concentrated and a median nerve whicli traverses the meso- 
and meta-soma is said to expand posteriorly into a ganglion. 

There is a well developed but a symmetrically placed pair of 
‘stink-glands ’* with reservoirs, whose ducts open with or near 
the an^. The last segment of the body, which with one or two 
others is narrowed and cylindrical, bears some light spots variously 
interpreted as eyes or olfactory organs, but at present the 
allocation of functions to these organs is purely conjectural. 

The reproductive organs are paired, and the male has well- 
developed vesiculao seminales. The group is as far as is known 
oviparous, and the eggs are embedded in a gelatinous mass 
which is carried about on the ventral surface of the abdomen 
of the mother which 


becomes arched or 
conettvo to receive 
the ova. The 
young emerge from 
the egg as minia> 
turee of their 
parents. 

The Pedipalpi arc 
predaceous, living 
chiefly on insects. 
They inhabit the 
warm parts of the 
globe in both hemi¬ 
spheres. Phrynua n 
found in the Ter¬ 
tiary strata and a 
genus known as 
Oeralinura in the 
Car bonjfcrouH. 
Phoy arc classiflcd 
in two tribes, three 
familii s and twenty- 
two genera with 
»omo sixty to 
seventy species. 


t 



Flo. 624 - -7'AWypA<wi«# (Koch). « I'«>dlpalpl ; 

b liluvalrle or cUw fonulNg with t d*w on 4til Joint, 
n ditisetyle cIaw ; 4 djiw on 9rd )olnt; / 
elongation of nlxionien aupix'dlriK CaII : 9 tAkI: h 
eerae ; m eyoi; 9 flrKt palpal Joint, ulth cJiaracteiUtio 
deDtlculatiou*. 
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Tribe 1. UROPTGI. 


Proeoma longer than broad ; meeo- and meta-soma 11-12 segmented, 
the last three segments narrow and cylindrical bearing the post-anal tail. 

Fam. 1. Tbelyphonldae. Prosomatic tergum of one piece. Tail long and 
roulti-eegmented, tarsus with two claws (Fig. 6*24). Jlf»mo«corptiis with one 
species from the Philippines ; Typopeiti* 4 species from China and the 
Amur ; Aboliut with 3 species from Now Guinea and the South Sea 
Islands ; Tetrabalixu with 2 MoUucan and Bornean species ; Thelyphonu* 
with 17 Oriental species s Maatigoproctxu with 4 New World species; 



Uroproctus wath 1 
Indian species; 
Thelyphonellua with 
1 South American 
species : Lahoehirua 
with one species 
from Ceylon; 
HypocUmua with G 
species from 
Further India and 
Borneo. 

Fam. 2. Sehiio- 
notidas. Cephalo- 
thorax divided 
into two unequal 
parts by a trans¬ 
verse furrow, the 
posterior of which 
boars the 3rd and 
4th ambii 1 a t o r y 
limbs ; abdomen of 
B broad and tlut»e 
narrower segments, 
tail unjointed. 
Schizonotua 2 
species from Ceylon 
and Liberia; Trt- 
thyreria 2 species 
from Burmah and 
the Bismark Archi¬ 
pelago. 

Tribe 2. 

AMBLTPYGI. 


-'-----^ —*— - fVnbnInt h o r a x 

Flo. 6t6.—<. Aiiron mfdUu (Knch). • Movable f^nss or ciswt on . ? i 

louiih Joint of ix .lipaln) *i, forming with cIaws ic)on third Jolot broader than long, 
S rammed did*ct> le dnvi . b thorax . d . hoUcprae ; 0 abdoman ; abdomen of 11 Seg- 
/ bottoa at end of abdomen ; h eyes ; i long antennlform lege. , 1 , * -i 

* ments without tail. 


Feun. 1. Tarantulldae with tho characters of the tribe. Phrynichua 
2 species from India, Ceylon and E. Africa ; Damon 2 African species ; 
Aeanthrophrynu* 1 species from Mexico and California ; Tarantula 4 species 
from Texas and California through northern S. America ; Admefus (Fig. 623) 
I S. American sp. ; Charon I sjiocics from S.E. Asia and the Pacific Islands ; 
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SiygophryntM I Burmoee epecies ; Ohamixu 3 epeciea from South Sea 
and the Seychelles ; S’ora* 2 species from E. Indies and Borneo • 
1 Burmese species. * 


Order 3. ARANEIDA (ARANEAfi) • 

The cephalothorax {proaotna) covered by a eihgle tergal shield, 
but a groove or line indicates the limits of the head; eyes usually 
or six ; abdomen {mesosoma and metasoma) pedicellate, soft, 
with very rarely any trace of segmentation ; two to four pairs of 



no 


tambrid^i fro 

v«ntr»l aUIc 
ClioUevra: Ki 
; K \snAi 
<>w> 01 podip 
P iungM ; St tU 
luDg»; St rxi 
■tlgiAA leadlDi 
trftchefto; i 
openlog ; St 



Fio. 627.~Poboo gUAd 
«Dd Urmliul lolot of 
chelJcerg of Api^utaria 
K Omw ; 
Od pol»OD * gUod ; 
B pobOD TOilde. 





Flo. 62rt.—Front vkw 
of (lie JlCAd o( A 
dcr, Adntir-f 

bUa, niAgfilAed (from 
WgrburioD). 1 Ue»4 ; 
Z eyes; a b4>il >oUit 
of chellcerM ; 4 cUw 
of cbelloorM. 


spinnerets ; sternum of 
two pieces ; chelicerae 
two-jointed, non-che¬ 
late, ioith a poison 
gland ; pedi palps 
modified in the male 
in connexion with fer¬ 
tilization. 

The true spiders 
form a very large and 
widely diet r i b u t e d 
assemblage of 



Kio. 420.—Aotortor p^rt of 
Uio vephftlotKorAt of 
Att^oria (ki^oU) with 
thoeyo* (O). 


^s Koch, Die Arachneiden, Numborg, I830-4R, Blackwall, Spiders 

^ urau Britain and Ireland. Bay Society. I8»l. Mongo, Pretteeische 

1866. Thoroll, Genera of European Spidere. 1869. 

1870-73. Simon, Arachn^e He France 

I^Minning 1874. Pickar<l-Cainbridgo, Spiders of Dorset. 

f laun/ni American Spiders and their Sj/inning-uwk, Parut, vol. 

VrtI i ion!i ^J^^l*^*****^* Histoire Nature lie Jes Aratgnies. 2nd ad. 

Xtesme^L^ * ttrig, PockhaiDf Sexual Selection in Riiiderg, Nat, Hist. Soc. 
frtseonsin. 1889. 
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O oo o easily recognized by their stalked 

® ° ° abdomen and by the presence of the spin- 

^ nerets. The prosoina, often called the cephalo- 

thoraz, bears the eyes, never more than eight, 
Q O o and usually in two transverse rows, each con- 

sisting of a pair of median eyes with a lateral 
^ eye on each side (Figs. 628, 630). Ventrally 

there is the sternum in two pieces (Fig. 626), 
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the posterior being much the larger and separat¬ 
ing the points of origin of the right and left 
legs. The abdomen is often globular but may 
bo cylindrical or may assume many bizarre 
shapes. In some cases it is strengthened by 
sclerites and in the genus Liphistii^s there are 
seven of these dorsally and they here have a 
segmental value. 

The chelicerae ore two-jointed, the end-joint 
being a rather sickle-shaped claw which bears 
near its point the orifice of the duct of the 
poison gland (Fig. 527). It is this claw that 
poisons the prey of the spider. The pedipalps 


are of fair size with six joints ; the coxa bears a gnathobase 


or “ maxilla'’ which projects towards the mouth. In the mole 


the terminal joint appears after the last moult in a very 
n»o(Ulied condition known as the palpal organ (Figs. 631, 
633). This contains a vesiciila seminalis, and spiders have 


hrtT\ observed to first 
d«-posit their semen on 
part of a and then 

to suck it into this 
vcsiciila Rcrninalis and 
then to deposit it bv 
the palpal organ on or 
in the female orifice, an 
operation not unat¬ 
tended with danger, as 
the larger female some¬ 
times seizes and de- 
youn the small mide. 
The eighties have seven 



Fto. SM.- Diagram of palpal organ. 1 lamias 2 
bulh , s vogloula nrmliiaUa; 4 opaolng of Taiicola 
aenUriAlU ; 5 conductor; 0 haomatodocha : 7 atrac^na ; 
pcuuUlmato Joint of tho fH^ipalp. Altar Wartartoo. 
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joints and end in two, or in three claws ; the metatarsus or joint 


before the tarsus of tlie 4th leg bears i)i some forms a brush- 


like series of hairs, the 
calamiatrum {Fig. 632), 
which are correlated with 
the presence of an acces¬ 
sory spinning organ, the 
cribdlum (Fig. 636). 

Most spiders breathe 
by means of tw'o lung- 
books, w'hich open by 
stigmata situated one on 
each side of the genital 
pore on the anterior ven¬ 
tral surface of the ab¬ 
domen (Fig. 626). Each 
stigma leads into a space 
w hich is largely filled by 
a Scries of Icaf-hke plates 
resembling the leaves of 
a book. Within the sub¬ 
stance of tliesc plates the 



Fin. 532 .—0 fourth pair of Amaurobiu^ 

Utqx ; Ca cAUrniJitnim ; 6 of foot of Pfiiiarux 
chry$op4 ullli two cUwi And |>«DcJI of 
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Ob toothed (acccAAory c1aw»| (AfUr <>. 
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blood ciroulatoa whilst the 
air plays between neigh¬ 
bouring plates, and thu.'^ the 
blo(jd i.s aerated. If, os in 
the 'riiornphosae, there he 
four lung-sacs the second 
pair lie close behind the 
iirst. From the deveIoj>- 
inental history of the scor¬ 
pion there is little douljt 
that these lung-sacs repre- 


T .nou.nc-a nppen- 

® like the gdl-bearing apj.en- 
dage.s of Limulua which 
avo Bunk into the body (p. 801). When only one i>air of 
^*tg-book8 is present, there is generally a tracheal systi-nj 
W)nBi8ting of two or four main tracheae wliich open by two 
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or four stigmata, or by one median stigma, the result of the 
fusion of two primitive stigmata, just in front of the spinnerets. 
This tracheal system is usually regarded as a development of 
two lung-books or as having arisen independently within the 
group (see p. 776), and not as being genetically connected with 
the tracheae of insects. The tracheae connected with one stigma 
do not communicate with those connected with any other stigma, 
and they do not ramify throughout the body. Each stigma gives 
off a bunch of comparatively short tracheae which end blindly 
The male and female generative orifices (Fig. 526) only 
become visible after the last moult. As a rule they are difficult 
to see, but in the females of some families, e.g. the Dj’sderidae 
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Pio. 595—Spinning organ 
of Amaytrobius ferox (aftor 
O. Kennann). Cr m- 
ballum; Spw apinoing 
tnam in lilac. 


and Epeiridae the orifice opens on a complicated armature, the 
“ cpig^'ne,” which ia of considerable systematic importance. 
At the posterior cud of the abdomen is a cluster of 
spinnerets (Figs. 535, 537) which may be two or four in 
number but are more usually six or eiglit, two anterior, two 
median and two posterior, and close behind the last is the 
anal tubercle bearing the anus and terminating the abdomen. 
The spinnerets are probably highly modified segmental appen¬ 
dages. They are very mobile and have at least two joints and 
they are pierced at tbeir somewhat flattened end by innumerable 
minute pores through which the viscid fluid, which quickly hardens 
in the air into silk, exudes. This fluid is secreted by various 
glands and the excretions of the several glands differ in com¬ 
position and functions. The pores open on the ends of minute 
projections termed fusxUac. In some spiders grouped by Simon 
into the Cnbellatae, there is, besides the spinnerets and in front 
of them, a double plate pierced by pores called :he cribeUum 
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(Fig. 636, Cr); from this silk also issues and its presence is always 
correlated with that of the calamistrum on the last pair of legs. 

Some spiders have the power of making soimds and these are 
produced by certain corab-like structures being drawn over 



others of a file-like nature. These stridulating organs are 

^uated either between the cephalotliorax and abdomen or 

tween the chelicerae and the pedipalps or between the pedipalps 

wid the anterior legs, all parts of which ore movable upon one 
wiother. 

Spiders take only liquid food and the mouth is minute and very 
cult to find, being concealed by an under-bp or labium. It 
0]^ns into afine oesophagus which runs dorsalw'srds and dilates in¬ 
to a large sucking-stomoch (Fig. 537, 2). The whole of these struc- 
ures are lined by chitin and arc stomodacal. From the walls of 
6 stomach stout muscles run to the torgum of the ceplialothorax 
li^ ^ oodostemite, a plate-like endoskeleton which undor- 
th" f * When these muscles contract the lumen of 

® • mach is enlarged and fluid is sucked into it. The stomach 
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opens into the endodermic portion (mesenteron) of the alimentary 
canal. This gives off whilst still within the cephalothorax, 
two lateral diverticula each of which gives origin to five caeca 
(Fig. 537, ^). The caeca of the anterior pair pass forward to¬ 
wards the head and in a few cases they are known to fuse together. 
The posterior four pairs of caeca pass into the four pairs of coxae 
of the legs and sometimes turn back again and end under the 
nerve-mass («9). They do not anastomose. The mesenteron is then 
continued as a spacious tube through the abdomen where it 
receives the ducts (3) of a largo “ liver ” which occupies a good 
deal of the space of the abdomen ; finally it opens into a rectum 
whicli bears dorsolly a large stercoral pocket or sac (5) in which 
the faeces accumulate. The rectum ends in the anus ; it is 



A 8plii>'r, Af showlnjr amngerneot 

j orflftri^ X &b»nit ) Motith ; 2 HQCkinff ; 3 ducU of liver 

4 ntAlpIgtilAn (tihuleM ; & itor^vriU pocket; C aiHU : 7 dorMl nuwlc of ?uckiD(r »tomACh 
H pMonjtntion of storowrh ; 9 cerebral (Ti&nglion giving olf norvev to ove< ; 10 tab 

: ll tiej%rt with three Utcnvl Mpoolng? or imtlA ; *12 lung i^c 
'lli •clfinte ftod pyriform Mk gl&ndA ; 16 tubuliforni silk gland ; 10 ampuillfonn 
-UK gland ; 17 .vggregaU or dendriform silk gland.< , 18 sptnncroU or mamniQlae, 1^ 
1 1^4 4 *^ ch» Ucera ; 20 gland ; 21 eyo ; 22 pericardium ; 23 vea«l bringing 

t‘loo.i from long »ac to fK^rlcardluni; 24 artcr)*. (From Warburton.) 


lined uitli <‘hitin and is proctodaeal in origin. Just where the 
meaenteron unites with the proctodacum a pair of malpighian 
vessels (*/) pour tlieirsecretion into the intestine. The various in¬ 
vestigators who have described the development of spiders are 
not in accord as to tlie origin of these . xcretory tubules, but the 
most definite account attributes them to the mesenteron. 

Coxal glands, which arc exeretorj’^ in function and which are 
believed to represent nephridia opening on the one hand into 
an end-sac and on the other to the exterior, are well developed 
inaomespiders, e.g. the common liouse-spidor, Tcj, aria derhamii. 
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but reduced in others. They open on the third pair of legs in 
the young and traces of other paired openings have been found in 
the young of Atypiis on the fii'st and second legs. 

The heart (11) is abdominal in position, dorsal and in some 
species concealed by the “liver” tissue. It lies in a distinct 
pericardium {22) and has three pair of ostia opening into it. 
Posteriorly it gives off a caudal artery, laterally three pair of 
arteries which supply the abdomen, and anteriorly an aorta 
which gives blood to the cephalothorax. The arteries are 
fairly well developed in spideis, but there are no capillaries, 
and the blood ultimately finds its way into sinuses, of wliieli 
three chief ones in the mesosoina (“onduct the blood to tlie 
lung>books where it is aerated. There are also three in tlie 
abdomen wliich lead the blood in the same direction. Trom 
the lung-books the blood returns to the heart by pulmonary 
veins. 

The spinning glands lie in the abdomen and in tlie most 
plete state consist of five kinds, (i) ampulliform (JO) wlheh oj>en on 
the anterior and median spinnerets, (ii) aggregate glands (77) w lin )i 
open on the posterior spinneret, (iii) tubuliforin glands (7<5) ulni li 
open on the middle and posterior spinneret, (iv) piriform glamls 
(14) which are numerous and open on the anterior and posterini 
Spinnerets, and (v) some hundred aeinifonn glands wliicli opi-n 
on the median and posterior spinnerets. In tliose sjiiders winc h 
possess a cribellum, it is supplied by a si.xtii set of (vi) cribellum 
glands. These various glands 8upj)ly dilferc'iit kinds of thread.'^ 
which together make up the web of a spider. For instance tlie 
ampulliform glands supply the first framework and the radial 
lines of the geometric webs. Tlie spiral linos are eueli 
double and they are believed to be formed by the aciniform 
glands, and the viscid fluid, which owing to some physical Iuc\ 
arranges itself in regular beads ott them, is said to originate 
from the aggregate glands. The tubuliforin glands give rise to the 
silk of which the egg-cocoon is made, and the pyriform glands 
form the foundation lines and the altai'hment discs, which run 
from the web to surrounding objects and servo to glue together 
Buch of the non-viscid lines os the spider wishes to connect. 

A spider has apparently no power to cease 8e<Teting silk os 
long as it is being drawn from its body, and the legs are uswi for 
outting the thread as soon as enough has emerged. The legs are 
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also well adapted for running 
lightly on the threads. There are 
a very great number and variety 
of webs and snares built by spiders 
which it is impossible to even 
enumerate here, but mention must 
be made of certain streamers of silk 
which the young spiders, having 
previously ascended to a rail-top 
or some such place of vantage, let 
out of their spinnerets ; the wind 
catching these, as it might a para¬ 
chute, wafts the spider into the air 
and often carries it considerable 
distances. These streamers form 
the so-called gossamer, the origin 
c»f which was for a long time a 
mystery. 

The nervous system is very 
concentrated; there is a supra- 
oesophageal ganglion supplying 
the chelicerae and the eyes, and 
a large star-like infra-oesophageal 


mass supplying the rest of the 
appen.lacoH and the body (Fig. 537, 9, 20, Fig. 538). Between 
the twr pasHfS the minute oesophagus. 

The generative organs lie concealed amongst the branches of 

testes (Fig. 539) are two cylindrical organs 
opemitg into coiled vasa doferentia which 


unite to hy a single aperture at the 

ant.Tior ventral end of tlie abdomen. 


The ovary is annular and the eggs pro¬ 
ject from tlie surface of the gland (Fig. 
•'>37, 13). Anteriorly the ovary passes into 
short oviducts whi( h act o-s spermatheeac ; 
they open separately and the opening may 

be protected and eomplieat^fl by an "epi- 

gyne.” Spiders prepare either nests or 


cocoons for their young, and the latter are 


sometimes carried about for a time bv 
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the female either claeped in the chelicerae, e.g. Dolom(des, or 
attached to the abdomen as in Lycoaa. The mother often 
exercises a certain amount of parental care over her offspring. 

A few forms, e.g. Protolycosa, and Palaaanea, occur in the coal 
measures, but the greater number of fossil forms occur in the 
amber of the Oligocene. 

The spiders form a very large group and a very homogeneous 
one, so that the difficulties of classification are great. We have 
in the main followed Simon (op. cit. on p. 811). The first three 
families mentioned below are separated by Simon os the group 
Araneac Theraphosae from all the other spiders which he calls 
Araneae Verae. 

8ub-order>l. ARANEAE THERAPHOSAE. 

Chelicerae directed in front, two pair of pulmonoy $ace, often 4 npinnertte, 
no gnatkobaee on pedipaipa. 

Fam. 1. Llphistlidae. Abdomen segmented dorsally, with a series of 
terga ; spinnerets, eight in niimber, situated about halfway along the 
abdomen j 4 lung-books ; 8 eyes on on elevation. Liphiatina the only 
genus, with but 2 species: ono from Sumatra, and one from Penang. 

Fam. 2. Avlcularildae {Mygallldae). (Fig. 638.) Cephalothorax oval or 
almost square ; eyes usually 8, ruroly 0; cholicorae indeptmdetit «)f ono 
another with groat vortical movoniont ; no gnathobaao on podipalps 
which aro leg-liko ; 4 stigmata and 4 spinnorots. Terminal joint of tho 
cholicorao or unguis folded down into a groove of the sub-tcnninal 
joint. Tho Aviculoriidnu includo the largo tropical spidors as largo os mice 
and also tho trap-door spiders of tho warmer U-ni|>oruto regions. They 
aro divided into 7 sub-families: i. ParatropIdJnas, with two American 
ttonorn, Paratrojna and Aniaaxpia with thick scaly or )ia>ry integuments: 
ii. Actloopodlnae with 3 genera, StaaitfWptu from South Africa, Eriodon 
from Australia, and Aetinopua from South Amorica makes cylindrical 
burrows with a trap-demr : iii. MIgInao with very short chelicerae, with 
throo gonoru, Moggridyea, S. Africa, Migaa S. Africa and N. Zealand, 
and Myrtale Madagascar: iv. Ctenlzioas, these oro the typi al trap door 
spidors and include soiiio 40 genera, Pachylomerua widely distributed, 
Conoiheie Malaysia, Cyclocoamia America, Acanthodon widely distributed, 
Ctenisa Franco and Italy, Cyrtocarenum Mwliterraiioan. Aporoj>tychua 
Africa end Amoeiva.; ^Cyrtaucheniua Africa; hlemeaia tho most common 
of tho European trap door spiders. Mwlitorraneun : v. Baryobelloas, 
Baryehelua Now Cahilonia. Leptopelma Italy aiid Africa, Saaon Andairmn 
Islands: vi. Avtcularllnas, Iachnocolua widely distribut'd, Chaetopdma 
Egypt, Syria and Arabia. Crypaidromua America, Phlogiua South west 
Asia, BeUnocoamia p:ast Indies, T/ierapkoau Central America. Hom<conima 
Brazil, Eurypetma America, Avicularia Amorica. Poccilotherin India; 
vii. Diplurinas, theso woavo wobs but do not make tunnels, LHplura 
is American. BrachytheU and Macrothele aro Eurofajaii. 

Fam. 3. Atypidae. Six spirmorots; terminal joint of chelicerae or 
unguia do«e not fold down into a groove of tho subterminal joint, nudes 
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diiTcr markedly from females. This family is nearly related to the pre¬ 
ceding and seems to represent it in the cooler regions of the earth. 
They are mostly stoutly built and smooth. There are but 6 genera. 
Brachybothrium, Atypoidta and Hexura are American, Mecicobothrium 
from Argentina, Calommata Asia and Atypue European. The last named 
has 2 British species, A. picetts and A. bechii ; both occur in the southern 
lialf of the country, but the latter is verj’ rare. A. piceus makes a tubular 
iK'st lined with web in the earth, the web often projects. 

Sub-order 2. ARANEAE VERAE. 

Chtlicerac directed vertically or obliquely downwardtt, with lateral actioi\, one 
pair of piUmcmary sace, ond tracheae iinlh one pair of tracheal stigmata, six 
spinnerets, a gnathobase on the pedipalps. 


Section I. CRIBELLATAE. 

Fam. 4. Hypochllidae. Four pulmonary sacs, an exception to the 
characters of the sub-order ; the male is hardly a third the size of the 
female. Two genera Hypochilus America and Ectatosticta China. 

tarn. o. Uloboridas. Eight eyes, with one exception in 2 curved tines ; 
legs usually long and robust and very unequal in size, the anterior being 
by far the longest ; 3 tarsal claws ; anal tubercle long. The spiders of this 
fiuuily aro clothed with squamous hairs. Seven genera. Hitiopis and 
are both tropical. Ulobonts widely distributed, Sybota Medi¬ 
terranean and American, Hyptiotes Europe and America, Myagrammopes, 
widely diatributed. .Ebutina Brazil. 

Fain. 6. Psechrldae. Begs of very unequal length, three claws and a tuft 
<.f hairs, Sedentarj’ spiders which weave very largo webs. Fsechrue with 

Bl^cie.<i and /’ccfni'o with 5 or 0 are b«>th from Malaysia. 

Fam. 7. Zoropsldae. Scopulo*' or brushes of hairs on the tarsi and 

inctntHrpi ; loga about the some size, crihellum anil, especially, the cala- 

iiustnmi not well develoj>ed. *lran<Aoc/. nu^. Central and South America, 

Zoropsis Metiiterranean and Canaries, Zorocrates Atnerica, and Raecius 
btniopiaii. 

Fftm. H. DIctyaldae. Cephalothorax oval, the cephalic portion large; 
oyw m two (ilnioBt parallel rows : choliccrac* long and robust ; legs moderate 
ant a out equal in length. These are sedentary spiders constructing a 
rather invgxdar web with no retreat into which the owmer can retire. 

I bcro am Id genera, widely distributed. Aruaurc^ius (Figs. 632, 535) is 

ntish. Central Asia. Lathys and Dictyno Old and Now \^'orld. 

Fain (Ecoblldae, Cephalothorax renifnrm ; sternum ver>' large; 
chehceroo stnull and feeble ; anal tubercle largo and with 2 joints. (Ecobius 
with some 15 species is the only genu.s, mostly tropical and sub-tropical, 
thmicb they spreiul into the Mediterranean ilistrict. Thev usually live 

in dcb wo„ v,tuT thf ir wol.s „„,Kt stones, etc. Except for the cribcllura 
they art- allied -o the rroei. id»v>. 

Fam. 10. Eresldae. ('-•phnh.thorax thi.-k ; cephalic portion largo; 
eyes orr^ged m two Kquares ono inside t)i.. other; cheliccrao robust ; 
legs short; large cnbeUurn ; exo..k. !,.to„ ered m ith thick hairs. Slegody 
phus, widely spread in the Old Worl.i. builds its web in bushes The re- 
maimng four genera which are mainly African, Adonea. Dresscrus. Dorreus 
and ErteWf build their wobs on tho ground. 

Fam. 11. Pillstatldaes Cephalothorax oval and olongat'Kl ; eyos 
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crowded together ; chelicorae small ; integument with few hairs ; two 
pulmonary sacs and two minuto widely separated trachea) stigmata just 
behind them ; legs of male long and slender. The single genus FUitUUa 
includes some 15 species widely distributed, a few are Mediterranean. 


Section n. ECRIBELLATAE. 

Ho cribeUum or coiamtstrum. 

Fam. 12. Slcarlldae (Scytodidae). Eyes six ; legs longish and slender ; 
spinnerets small end crowded together ; integument smooth : palped organ 
in male simple. This family lives in outhouses and under debris. Fl€C- 
treurya American, Ptriagopa New Zealand, Sicoriua Africa and America, 
Lozoacelta and Scytodcr widely distributed, the latter has one species S. 
thoracica which has occasionally been found in the South of England, 
Dryi. itaa AfricA 

Fain. 13. Leptonstldae. Cephalothorax short and rounded, large; 
eyes absent or 0 small ones ; chelicerae long and attenuated ; legs usually 
long and slender ; spinnerets nearly equal in size. Small spiders with 
long logs ; inhabitants of caves and caverns or vegetable refuse in forests. 
LeploneUx Europe, Africa and Japan, Ttlema caves in the Pyrenees, Pailo- 
dercta Luzon, UaofUa America, Ochyrocera Asia and America, Thcotima 
Philippines and Venezuela. 

Fom. 14. OoDopldae. Cephalothorax shortly ovate ; six eyes closely 
packed occupy almost all of the breadth of cephalic area ; chelicerae 
conical; sternum well developed ; legs moderate and usually equal in 
length ; sexes the same size. There are very amaU spiders varying in 
length from 2-3 mm., they live in dry vegetable detritus, they run rapidly. 
There are 10 genera. Orchaalina and Oonopa are widely distributed. 
O. pxdchtr a small red-brick spider found in ditches represents the family 
in the United Kingdom. ScaphitUa West Indies and Venezuela. Eiytctri* 
Philippines. 

Fam. 16. Hadrotarsidae. Eight eyes, two large ones central and 
tlireo small ones in a row on each side in front; chelicerae small and feeble ; 
sternum very large j 4 spinnerets ; legs very short. Minute spiders with 
but 2 species Hadrotaraua babiruaaa found on an island near New Ouinea 
and Omogala aeorabaeua found near Sydney. 

Fam. 10. Dysdsridae. Cephalothorax oval sometimes elongate; eyes 
SIX ; chelicerae robust ; abdomen elongate almost cylindrical ; spinnerets 
short; palpal oigan of male simple; integument smooth. This family 
has 2 sub-families; (i) Dy:tderloae in which the sternum is produced upwards 
betwwn the legs towards the carapace. BAodo Mediterranean, Harpaaaa 
^d Holuava C^reican, Harpactca and Dyadora have British spocios, Tedia 
Syrian, Stalila in caves in Dalmatia, and Oraoloima American, (ii) SsgMtll- 
InM, with 2 genera, Segeatria represented in England and Ariadna widely 
distributed and the only genus of this family which frequenU the Tropica. 

Fam. 17. Caponlldas. Cephalothorax oval ; logs short; tho spirmerets 
wo orrongod m two lines, the median being pushed forward and lying 
jMtwoen tlio anterior ; no pulmonary sacs, these structures being replaced 
y trachoM. 3 gonora, Nopa and Caporvina Central and South America, 
West Indian Islands, and Caponta, Africa. 

F^. 18. Prodidomidae. Eyes eight, the 4 anterior in a straight lino ; 

olicorae very robust; lege short; abdomen oval and olongalo. Small 
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spiders 2-4 mm. found under stones and in dry situations. Prodidomus 
widely distributed, EUleis Africa, and Zimirie Southern Asia. 

Fam. 19. Drassidae. Oval cophalothorax rather flat; 8 eyes in two 
transverse lines ; chelicerae vertical; legs with spines, two claws and a 
scopula. Simon divides this family in 4 sub-families : (i) HeiniclOBinas, 
Hemicloea, Hemiclotina, Pymus and Rehihca New Holland and the former 
also from New Zealand, etc. (ii) Drassodinae, Theuma Asia, Anagraphis 
Africa, Lygromma America, Tricongitia America, Draasodes cosmopolitan, 
Echemua widely distributed, Lamporia New Holland, Laronia America 
and Africa, Onaphoaa Europe, Africa and America, (iii) CItbaeronioae, 
Ciihaertm Asia and Africa, (iv) Cybaeodinae. Cybaeodes Corsica and 
Franc<>, Andromma Africa. 

Fam. 20. Paiplmanldae* Cephalothorax variable ; 8 eyea in two 

tranaverso rows aeparated from anterior edge by a hand ; sternum oval 
projecting between the thighs and bo forming articular cavities ; anterior 
logs thick ; abdomen oval or long. Three sub-families : (i) StCDOOblliDad 
with Metronax, Slencckilus and Colopta all from the far East, (ii) HaltO* 
alinae with HutUmia from New Zealand, (iii) Palplmaninaef Aniaaedue 
8. America, Chtdima Morocco, Palpimanua Mediterranean, and others. 

Fam. 21. Zodarlldae. Cophalothorax convex and rounded in front : 
chelicorae v^xy robust ; sternum large and flat; tarsi usually 3-ctawed 
This is a heterogeneous assemblage of exotic forms divided into five sub- 
fanulies : (i) Homalonychioae with the American Hofnalonychus. (ii) 
StorenomorphlDae with Storenomorpha Burmuh and Madagascar, and 
others, (iii) Cydrallnae with Cydrtla which lives in sand in Africa, and 
others, (iv') CryptotheUnae with Cryptothele from Seychelles and the 
East Indies; this genus has tho power of retracting its spinnerets, (v) 
Zodarlloas with Zodarion and many other genera. 

Fam. 22. HersUildas. Tins family is a pectiliarly distinct one, showing 
little affinity with luiy other. The coplialothorax is at least as broad as 
long ; usually eight eyes with the anterior laterals smaller than the others ; 
chelicerae rather feeble ; legs long and slender, 3 clawed ; the posterior 
spinnerets are very long and 2-jointo<l. They are active spiders li\nng on 
hark, et<\ in Africa. Hcrailia^ HerailioUx^ Tamo and Afurrtcia. 

Fara. 23. Urooteldae* Cephalothorax broader than long; 8 eyes 
crowded together ; chclicorae weak ; legs shortish and stout and of equal 
length ; abdomen largi\ oval and depressed ; posterior spinneret long. 
t rtX'Uu Mediterranean ond China and Japan. There is a strong re¬ 
semblance between tho Uroctoidae and the Cribellato family CBcobiidae. 

Fain. 24. Ammoxenldse. Cephalothorax as in Horsiliidae; eyes 
compa^'t ; coxae highly developed ; tarsi very long, 2 clawed ; abdomen 
large; Ammoxemua Africa. 

Fam. 25. Pholcldse* Ceplialothorax short and rounded ; the median 
anterior eyes ore bluf k. separated from tho group of others which are 
white and sometimes stalki^l ; legs extremely long and slender, the meta- 
ta^fl and tarsus being greatly elongated and with additional “false'* 
joints. Sedent-ar>’ spidors, spinning under stones, in outhouses, etc. 

Two sub-families : (i) Pholcinae, Artcfno Africa and Asia, Pholcus almost 
cosmopolitan. P. phalarujioidaa, the only Hrifish species, is common in 
the South in deserted buildings. Leptopholcu^ Africa, Smerinqopus tropical, 
Prisetda S. American, Tihihroscelh America, J/o<fi>tmus West Indies, 
(ii) NiDStldioae, Nimtis, the sole genus, Arahia. 

Fam. 20. Theridlldae* Spinnerets of equal length; tarsi with 3 
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pectinated claws ; chelicerae usually narrow. The group is an enormous 
one and with few exceptions it consists of sedentary spiders which capture 
their prey not by running after them but by snaring them in webs. The 
webs are never orbicular but consist of an irregular webbing in the middle 
of which they hang with their ventral surface uppermost and escape their 
enemies by suddenly dropping down without making a thread. Some of 
them live semi-parasitically in the webs of other species. The cocoons are 
numerous and mostly rounded and silky. Simon divides the family into 
18 groups : i. Synotaxeae with Synotaxua from S. America, ii. Argyro- 
deoe semi-parasitic with greatly elongated abdomen, Argyrodca and 
Rhomphata both tropical and sub tropical. uL HeUchkUat. HeUchi^ 
Brazil, Mtcynidit Transvaal, iv. Propoatireae, a single genus, Pn^tin, 
from Ceylon, v. Moneteae, again a single genus, Moneia from India and 
Africa, vi Spinthareae, Spintharus. vii. Episineae, Episinus with a 
British species and widely distributed. Januluj America and the IndiM. 
viii Oeteat, Oeia Ceylon. ix. Euryoptat, EuryopU widely distnbut^. 

• X. StdasUat, the only genus Sedasta is African. xL Th^ndtea^ Tj^eridion 
with over 300 species, 17 of which are British, the commonest T. n»yph^^^ 
swarms on holly and other low trees. xii. PAoroncidteo<, with remarkable 
spines, Phoroncidia Africa and 8. Asia, Hyocrea 8. American, xui. 
Dipotntae, Dipoena cosmopolitan. xiv. PaculUu, ParuUa East ^diee. 

XV. Atageruae with highly developed stridulating organs. 5<«Uo<io Europe 

and America, has one British species common in angles ond comere of walls, 
Aeagena and Lithyphantes have also each a British species and 
two. xvi. Hisiagonitat, HisUigonia Africa and America, xvu. 2A«o- 
noeae, Thwnoe France, xviii. Photcommauae, PhoUomma Ei^opo. 

Fam. 27. Arglopldae.* Sedontary spiders which build on orb or wh«l- 
like web ; chelicerae much more powerful than in the proceduig family ; 
logs very variable, often armed with spinc-s. 'J'here ore 4 sub-famihes. 
1. Linyphlloae with 3 groups : i. Erigonene. a very hu-ge assemblage 
including the “ money-spider'■ end those spiders which cover the holds 
with gossamer, over 100 species inc luding sfxicies of Engone. Paruimomops 
are British; ii. Formicincae, as tlioir muno itnplic'H they look like onta, 
Formicina Moditerranoon and tho Japmieso SoUnyaa fonn the group ; 
iii. Linyphieae, Linyphia triangularin is common in British gorsci, InuttcxiA 
has some 20 British spocies and LahulUi. liathyphanUs, liolyphaiUt^ and 
Uphthyphanus ore also reiircBontod in our Islands. 2. TetragDathloao.T 
Pachygnalka lives amongst gross anil does not weave an or , t lore are 
British species. Tetragnatfia also with British reprc^ntativoa makes a 
wheel-like web ; MrUt scgmcntala is common in English gardens, f hero 
are many other genera. 3. Nephlllnae. As o rule large epidors witJi 
great difference in size between males and fomalos. Phonogtiaiha liismoiua, 
^ephiUi tropical, etc. 4. Argloplnao. most of th» spid-rs of this sub¬ 
family were formerly included in tho great genus Kpitra. - rgiopt on 
<Jca and C'yrtophora tropii u! and suli-tropical ; Ararhnura .Africo. Asia luid 


• SimondovoUiB 340 closc-lv [iriiib'd pages to this gigantic group, after 
doHcribiiig tho first three of’his projected iiiiu. suh familH's ho abandons 
the uttoinpt and chmsilios tho rest of tho family udo twenty-eight sub¬ 
groups of the ylri/to/dncK. \Vc have mentioned Imt a mimifo proportion of 

the goneru so grou|>od. i .• i *i 

t This anl the following two sub-fainilies art* almost idynticul with tho 

olf| family Kpoiridao now iliumnlod by Siiiioa 
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Now Zealand ; Cycloaa^ temperate and sub-trtipicol ; Marujora Europe, Asia 
and America ; Ser^rana tropical America ; Araneus [Ep¥;ira^ Figs. 530, 530, 
537) cosmop.; Caeroatri^ Asia, Africa ; (laatcracandia tropical ; Micrathena 
tn>pical America ; Central andSoutli America ; (ihjptogona Medi¬ 

terranean, Africa and America; Anepsia MalaNTiesia and Polynesia ; 
Hypognatha Central America and Antilles ; PhyHola Venezuela ; Cyria- 
rachnr Africa, Asia ; f?fyptocranium America and Antilles ; Excchccentru^ 
Ma/Jagascar ; Foltya Asia and Africa ; Celaenia Tasmania, New Zealand ; 
Arcya New Holland, Tasmania ; Dolcphonca Ceram, New Holland; 
Te^tudiruina Peru via ; Ursa Africa and America; Gnclus S. America; 
Theridtosoma Europe, Asia and America : Anapis Africa and America. 

Fam. 28. Arcbasldae* A very distinct family of hut two genera. The 
anterior portion of the cephalnthorax, or caput, is separated from the 
p^'storior ; the chelicorae are elongate; the silk^papillao are peculiar; 
Archaca Mailagoscar ; ^fec'Jamauchcni^^s America. 

Fam, 29. Mlmetidae, The chelicerae are narrow, cylindrical, and 
parallel ; abdomen convex and varioble ; in tlie gemis Gtlanor the pedi- 
palpsof the males are extraonlinarily : the spiders of this family make 
little use of their silk and construct no weh, they live amongst plants and 
bushes. Gtlanor (’entral America : Kro Europe, .Asia, .Africa and America ; 
Mimctus Airica, India, New Zealand anti America. 


ham. 30 Thomlsldas. <*alletl crab-spiders from their sideways gait. 
A very large family of varied forms. The ceplialothorax is short ; legs 
usually' very iinetpial ; the ftntcri»»r two pairs larger and stouter than the 
otlicrs ; there ar»,* tive induratt'd spots on the upper surface of the abdomen, 

I liese spiders art* watiiler<*rs, ne\*er weaving a fixed web; they 
(^ capture tbeir p'rey by ttieir flr^etnoss or by springing out on 

theiji Ifimi in which their nnrnetic colours have con- 

s ealed them. There are i\ sub families : 1. Aphanlochillnae 
- genera Ihicrauiutn C entral America and A)>haniochiluA. 
Fiu. ^enr/liela and Hrazil 2 Stiphropodlnae. S(iphrop}i .9 Africa 

.uouM'fii ^ud S. .\.*aia. 3. Strophiinas, Cfrarachrtc, Strophiiis b<Ufi 

Xrie rn an. t Misumeninae, Tagulis >tadaguscur ; A/n/rc, 
i !'Miilaynesia . /)bra Africa and Ap-ia : Artu/nata 
K^t Uhl .\fricu ; Myyfaria Africa; tropical: Talatis 

Viina an i R. . Pa/ola Kast Indies; f\yrrho,>ia New (Uiinoa 

j ^ <^llaud . honuM NA'W H.'iland ; (Tasmania ai\d New 
»>in , t Afri* a und S. .X^ia : < \ ri<trfscltnc Euri»po, Asia 

Xfri^a ar.d Mnbivnesia ; cosmo- 

p : ; S Amce-a ; /innu <-s,nop,3itan, AfiVumrna 

A a-. O MU CO n. Slophanopsinae, 1^3vne.^,a ami vS. America; 

. p : /V.r,.Vfri.v, m„. 1 S. A.ia : StephanopsU 

. ’U. Philodromjnae. Hephura Indo-Cluna, 

:.l. Ha.uriaae, „ h.,r„. very ll„t. alu.rU 

3 Cl,,,,,,. .. , j; 

Jam. 3. Clublon.iJar i .■|il„.l„tl„,rax ,n ,1 : , I,. Ik-.t,,,. nil.iist ; 

l-KB more or lo,a h.ny ,„„i „.^ ^ 

apmnorota are n.-ro or,- 7 : I. Selebopina. 

•V/rnop, ooa.„o|,,.|„,m. j. Sparasalnae, .s>,r„,„„. 

3. Clubionln.e, (.lubiona with 15 Dntish r.pr.-si.nl.ttivoa ; ChirmaMhium 



ARANEIDA. 


825 


with 3. 4. Cteninae^ Cunw in all warm regions. 5. Llocranlnae* -uo- 

cranum Europe, Asia and America. 6. UlcadiDae^ Aftcario Earopo> Asia 
and America. 7. Corinninae, Corinna Africa, Europe and Asia. 

Fam. 33. Agelenldae* (Fig. 541.) Cephalothorax oval, caput distingiiiehed 
from the thorax by lines ; cheJicerae convex and vertical; abdomen oval ; 


the spinnerets pressed together; 
tarsi 3-cIawed ; legs unequal, the 
drd pair is the shortest. Sedentary 
spiders which weave large webs 
ending at one point or another in 
a cylindrical retreat. They are 
common in collars and outhouses. 
There are 4 eub^families : 1. 

Nlcodamloae, Nicodamus New Hul* 
land and Tasmania. 2. Cybaeinae, 
DesU is marine living amongst 
Madrepores in the Indian and 
Pacific Oceans, ArgyroneUi is the 
common water spider which lives in 
fresh'wator throughout Europe and 
Asia. 3. Agelenlnae, AgeUna widely 
distributed is common in England 
as A. labyrinthica on the sides of 
banks and ditches ; Tegcnnria (Figs. 
533, 642) cosmop. has 7 lirihsli 
species ; Coelot^e, also British, lises 
under stones. 4. Habnilnae, spin- 
norots arranged in one row, fo\ir or 
five species of the widely distribuU*<l 
Hahnia occur in oar Islands. 

Fam. 34. Plsauridae. Inter¬ 
mediate botwe<*n the Ap<*leiii<liw> 
and Lycosidae. Hairy Bpi<lerK wjth 
long logs ; abdomen oval but rather 
pointed behind, the anterior Kf>iii* 
norets are very thick. Tliere are 
numerous go iora with few sp<*cjcK. 
Ptsaura (Fig. 643) Eur., Asia, Afri<*a. 
P. mtra6t7e« occurs iti British woods 



Mo bi} “An SpMor iCnmOridjta 

fafci'ii't, Koolu, A«JuU /-7 bovco 

jolhU 


and coiiirnona ; Dohtn€d<:it with a 

•ike wide distrihution occurs in tlu' gonuB ; D. in our nuirn les. 

Fum. 35. Lycosidae. “ Th.. w<>H " wlii. li p.irwtio iheir pniy 

l»y running, and *'urry tlio c-yg-nnooriH attu<-lu‘<l to tho uih1«t flidu of thuir 
al>domeri. Cepiialothonix longor tliun hromi ; uh.I.nn.Mi ovnl and Hhort ; 
loK« rnodoratoly long, tho ■1th [mir hfinn: tho long<Ht ; oyoH in throo rowB. 
Many Wolf-HpiderH form no nrtr.‘iit. o1 Imth h.irrow in tl»o ground. I^yr^ysa, 
an onormouH and roHmop.ditiin goiiuH. in'hnling tli.* tru« tHninlulu Mpid.^rs, 
hoa Hoino twenty HritiHli Hp'-oinH ; /'tir<h»ni with ii Himihir ditjtrihiition 
is also well refireiM^nti d in Ihf' Ibiited Kingdom. 

Fam. 30. Ssnoculldas. AlKlomeii long; kmg and unequal; 

anterje^r Hpinnerets rernarkahly thi<'k ; thre<> <daws. 7 his family contains 
only the Knuth and Central Ameriean g<*nus #SVnocti/us. 

Fam. 37. Oxyopidae. Cophalothorax narrowu untoriorly ; abdomen 
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like a epear-head ; eyes very unequal ; chelicerae long and pointed ; 
legs long and not very unequal; integument soft with numerous coloured 
hairs. They are day spiders and run swiftly over plants and at times 
jump actively. Peucetia tropical; Oxyopes sub-tropical and tropical, 
one species is very rarely found in South England ; Tapinittus tropical 
America. 

Fam. 38. Saltieldas (Attidas). The largest family of the Order with 
already some thousand recognized species. They are primarily tropical 
but extend north and south, some 33 species reaching Groat Britain. 



Ceplmlothorax longer than it is broad; eyes very unequal; chehcoraa 
vertical ; abdomen narrowing behind ; legs short and robust,^ i aws p 
sexes usually of about the sanio size btit differing in colour. ^ ^ ^ 

ore huntors’both by running and jumping especially in the sunshine, and 
the males before moting indulge in various prenuptial antics. They form 
no snares but they weave a retreat in which the female sits and the e^s 

aro protected. They ore divided into some seventy-five 
wo ment--m a very few. Marplsseae with Salttcvs (Fig. 644) Eur.. Asia, 
Amencu uu ide the Tropics. 3/cir/.is^a with the same wuie distribution, 
ond Uyetia s liit }i dots not occur in .-\sia. There are British representa¬ 
tives of these gonenv. SltUceae ^wth {Atiu^) Europe, ^la and 

America, S. pubeecins is often scon on walls and pohngs. HasarISS 
with Basarius cosmopolitan in warm climates with a British species 
common in woods. Mymaracfaneae include spitlers which miniic ants. 
MyrmarachM formicana a cosmopolitan species in temperate chraoe is 
(oTind. but very rarely, in England. 
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Order 4. PALPIGRADI* 


Arachnids with a ceylutlolhorax {prosotna) of four fused segments 


corresponding with the 
first four jointed limbs, 
and of the ^ih and Qth 
segments which remain 
free; the abdomen 
{meso- and meta-soma) 
is stalked and narrowed 
behind ; it is composed 
of eleven segments and 
bears a long multi- 
segmented appendage ; 
the chelicerae are 
three-jointed ; no eyes ; 
the mouth is hounded 
by an epistome and a 
hypostome. 

It is only within 
the last tw'enty years 
that the Palpigradi 
have been discovered 
and investigated. 
They fall into two 
genera, Prokoenenia 
and Eukoenenia. Tliey 
are all minute, their 
total length being 
scarcely 1 mm. They 
are very widely dis¬ 
tributed. 

The prosoma con¬ 
sists of four fused seg¬ 
ments corresponding 


B 






Fto. mtralMis, OrMi» ont of tho 

Pftlplgradt. A v<«piral vlow of cophaloth >rov <pn> 
•omft) AQdof obiorlor roglooof AtMlomoo (opUlhooorru) 
with the ftppendAges cut oO oeor the ; o 

and b prottcrnllea ; c rnoaotUrnltc; and d maU« 
•terntte of Uio pruaonia ; f ventral aurfaco of iho 
pracganital aomJto: q aternito of iho genital aomlto 
fflrat opiaUioaornaito aoniltol. B doraal Wew, 1 
to VI, proaoinaiJc appendagea; 1 opitih, genital 

aomlU (Qrat opUihoaomatic aomite). if lateral view. 
I to VI proaomailc appendagea ; a.b,e the three tergal 

f laiea of the proaorna ; praMtn, Uio praegcnltal aondte ; 

to 10 , theUm iomlU^a of the opbthoaoma. D chell* 
cera. (Original drawing hy Pocock and EMckard* 
Cambridge, after lianaon and Bdrooaeo.) 


with tlio four anterior limbs, viz. the ciielicerae, the pedipalpl. 


• (jriu»»»i, Natural. Sicil., iv, 1885, p. 127, ai»d IJuU. Soe. erU. Itat., 1886, 
xviii, p. IC/J. 'I'liori'll, Ann. Mus. Oenova, 1888, xxvi.p. 3r>8 ; and Hansen 
and SomiuMjn. Knt. Tidskr., 1897, xviii, p. 223. Augusta Huckar, Q. J. 
Mie. Set., xlvii, 1904, p. 215. Also Zool. Jahrb. Morph., 1903 and Amtr. 
Nat.. XXXV, 19<J1, p. 616; and Whoelor, Amer. Nat., 1900, p. 837. C. 
Horror, Zool. Am., xxiv. 1901, p. 037. Hantion, Snt. Ti<iakr., 1901, p. 193. 
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and the first and second pair of legs, and of two free segments, 
those of the third and fourth pair of legs (Fig. 645 C, a, b, c). 
According to Wheeler there are eleven abdominal segments; 
the first is small and forms the wasp*like waist, and the last 
three, the 9th, 10th and 11th (Fig. 645 C, 8, 9, 10) are also 
contracted. The last bears the poet-anal multi-segmented 
fiagelliform telson (comparable with that of Thely'phonua) vnth 
some fifteen joints, which probably have not the value of true 
segments. 

The cheliceroe are three-jointed and terminate in a scissor- 
like fang. The pedipalpi are nine-jointed ; the first pair of 
legs is the longest and has twelve joints, the second and third 
have the more usual Arachnid number of seven joints, and tlje 
last has eight. The appendages do not appear to have any 
gnathobases ; they arise well to the side of the ventral surface 
and their bases are separated by distinct sternal plates. 

There are no eyes, but certain sensory organs occur on the 

ceplialothorax and there are numerous hairs of systematic import. 

The (•re.‘>centic mouth guarded in front by the epistome and 

behind by the hypostome opens into a chitin-lined pharynx. 

• 

Tliis passes into an oesophagus which pierces the chief nerve- 
mass and immediately enlarges into a sucking-stomach which is 
diluted by muscles running from it to the exoskeleton of the 
cephalothorax. This stomach opens by a valvular orifice into 
the intestine which gives off a pair of diverticula before leaving 
the ceplnilothorax. In the abdomen, the intestine enlarges and 
in the third to the seventh segments inclusive it gives off a pair 
of shallow diverticula. No malpighian tubules are present and 
no salivary glands. The intestine opens into a rectum which 
terminates in an anus. A pair of coxal glands occur in the 
cephalothorax and are said to open in front of the third pair of 
legs. 

In Prokoei^ema, threo j>air of lung-sacs have been described, one 
on the fourth, one on the fifth and one on the sixth abdominal 
segments, ^ut the evidence that they ore more respiratory in 
function than the pn.)trusible and retractile vesicles in the 
CoUembola is yet to seek. No definite heart has yet been 
described. 

The nerve-ganglia are higlily concentrated ; the supra-oeao- 
phageal and sub-oesophageal ganglia are fused into a large mass 



FALFIQBADX. 


829 


pierced by the oeaophaguB. The aupra-oesopbageal ganglion, 
which is very large, supplies nerves to the median and lateral 
sense organs and to the cheliccrae; the sub-oesophageal shows 
sweUings corresponding ^vith the remaining five pair of appen¬ 
dages, and it is connected with a single abdominal ganglion 
lying in the second and third segment of that region. 
The ovary is unpaired. It is prolonged anteriorly into two 
oviducts which swell out and fuse in the second abdominal seg¬ 
ment ; the vagina so constituted opens on the second abdominal 
segment. There is also a receptaculum seminis. 

The primitively paired condition of the reproductive organs 
is retained in the testis. The paired tubular testes end anteriorly 
in much coiled vasa deferentia w’hich enlarge to form voeiculao 
seminales. There are numerous accessory glands. The vasa 
deferentia open also on the ventral surface of the second abdo¬ 
minal segment. The spermatozoa are said to bo immotile. 
Nothing is knowTi of the embryology and but little of the young 
stages through which the animals pass before becoming adult. 
They occur under stones where a certain amount of moisture, 
which they seem to need, is usually retained. 

There is but one family. Faro. KosneDlldae, with the charaoters of 
the Order. Frofcoen<nto with the so-called lung-aacs. Prokoenenia wheeUri 
from Texas and P. chiUnaU from Cliili. Eukocnenia without the lung 
sacs; Eukoenenxa mircUjUi^, Sicily, Italy, Tunis, Eukoenenia namcn*i« 
Siam ; E. augusia, E. ftorenciae Texas, and E. groan South America. 


Order 6. SOLIFUGAE (SOLPUGAE) ♦ 

Cephalothorax ('proeonui) covered by three fused segments followed 
by three free thoracic segments ; the abdomen is not constricted 
and consists of Un segments; the chelicsrae are chelate, the 
pedipalps leg-like ; respiration tracheal; on the basal joint of the 
fourth legs are ^5 racquet shaped organs, the malleoli. 

The segmentation of the Solifugae body approaches that of 
Insects inasmuch as there occurs a distinct head, thorax and 

• Kraeiwlin. Daa Tierreich. 12 Lff., Pedipalpj u. Solifugae. Berlin, 1901 1 
and Bernard, The Comparative Morphology of the Qaleodidae, Tr. Lin 
Hoc., London, 2nd Sor., vi, 1894-97, p. 305. 
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abdomen. The head or cephalothorax consists of the segments 

bearing the chelicerae, the pedipalps and the first pair of walking 

legs, all fused to form a trapezoid-likc mass bearing two dorsal 

simple eyes near the middle line. Ventrally tliere is no sternum, 

the coxae of the legs a])proximating. The mouth is borne on 

a rostrum which projects forward between tlic base of the powerful 

chelicerae. A pair of 

thoracic stigmata lie be- 

tuecn the coxae of the 

81 ‘cond and third l<'gs. 

The abdomen consists of 

ten segments with sterna 

and terga and softer 

pleura connecting them. 

TIk! first of these bears 

the genital pore, tlio 

secondand tliird segments 

bear a pair of abdominal 

stigmata, and some 

8p(.-cies also have a 

median .stigma on tlie 

fourth .segment. 'I’he 

tetith segment bears the 

anus. There i.s little 

e«msfrietion bclueen the 

alxlomen and thorax. 

'riic eliel'i erae are \-eiy 

large and pou erful and by 

tlieirshearing action the Solifugae eaa kill .small mammals and 

birds, but as a rulethev seem to live on inseets. 3'hev bear a 

* » 

series of stridulatiiig ridges and in the male a proce.ss termed the 
flagellum. Tliearrangement and size of the teeth (m tlie claws is of 
value in classification. The pedipalpi arc six-jointed and Icg-Ilke; 
they end in an eversible vsense-organ, probably olfactory. Tlic 
number of joints in the legs varies. I’he basal joints of tlie la.st 
pair of legs in the atiult boai's five raoquet-shaped projections of 
doubtful function, tlie mnllioli ; probalily they are sensory. 

The Solifugae are animals of fair size, the smallest measuring 
from the tip of the chelicerae to the end of the abdomen 1*5 cm., 
the largest some 7 cm. 



Fen. aranfoi'U.f, a Chelicerae ; 

6 eyes ; c hou*l ; d : / aljiinmcn ; g poOi* 

palpi ; h ; i ili^itul j«uut <capsule) ; 

0 ^hoAf Uko points of lulx (ou«i joint of chclicera) ; 
r Auu». 
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Tlie mouth is situated at the end of the rostrum and is protected 
by certain bristles which aid in conducting the fluid food to the 
orifice. It opens into an oesophagus which traverses the beak 
and pierces the nerve ganglion. This is triradiate in section 
and can be expanded by the contraction of certain muscles, and 
thus it forms a sucking apparatus. There are no salivary gland.s. 
The oesophagus which is slightly coiled opens into tlie mid-gnt 
which runs straight back to the hind-gut. The mid-gut has 
four pairs of the characteristic Arachnid pouches in the cephalo- 
thorax and thorax ; the anterior two pairs are small, but tlie third 
and fourth pairs penetrate into the ambulatory limbs. The 
abdominal pouches, sometimes called the “ liver,” are serially 
homologous with those in front and occupy a very large space 
in the abdomen ; they open into two lateral diverticula which 
communicate with the mid-gut. A pair of malpighian tubules 
open into the same region of the alimentary canal in the fourth 
abdominal segment. The hind-gut, which i.s lined by chitin, 
bears dorsally a stercoral pocket o.s in spiders. 

The heart is a long tube, extending from the h.urth or fifth 
segment to the tliirtcenth, it has two pair of thoracic and si.v 
pair of abdominal ostia. Anteriorly it emls in an aorta which 
seems to discliargc the blood on to the central nerve ganglion. 

Posteriorly it commences os a vein. 

The respiration is tracheal. 'J'he iiosition of tlie stigmata is 
set forth above. The traclieae arising from one stigma com¬ 
municate with those from tlie othem. 

A pair of coxal glands form coiled ma.sse.s beliitid tin* nerve 
ganglion and open to the exterior between the coxae of the 

third and fourth walking legs. 

In spite of the fact that in (iaUvdrs the thoracic and abdominal 
segments.remain free, the nervous system is higlily <‘oncentratcd. 
The supra-oesoi.hageal ganglion supplies the ohelieerae and 
eyc.s, the Huh'Oe.so[ihag<‘al semis nerves to the j)edipalpi and 
following appendages and other organs. Three nerves enter 
the abdomen from the hinder border of this ganglion ; the median 
of the three develop.s an abdominal ganglion ; this in the main 
supplies the intestine, whilst tho lateral nerves pass to the 

generative organs. 

A small endosternite lies under the mid-gut just behind the 
nerve mass, and a diaphragm, \vhicl» is pierced by tho heart, 
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alimentary canal, tracheae and nerves, separates the abdomen 
from the thorax. 

Two ovarian tubules run one on either side of the abdomen. 
They do not form a ring as is so often the case in Arachnids, 
but they end blindly behind ; anteriorly each enters a chitin- 
lined oviduct which ultimately fuses ^^ith its mate and opens 
to the exterior on the first abdominal segment. Four testicular 
tubules, two on each side of the alimentary canal, have been 
described, but our knowledge of the male is less complete than 
that of the female. There are no external organs of reproduction, 
and the male can only be told by the presence of the fiagellum 
on the chelicerae or by some other minute secondary sexual 
character. The young undergo a considerable portion of their 
development within the ovan,*. 

The majority of the Solifugae are nocturnal in their liabits, 
though some species love the sunshine. Most, but not all, are 
active and run busily about making a hissing noise with their 
8tri<lijliit<irs. There is much discrepancy in the accounts of 
tlie i»(>isonou» nature of their bites, but at any rate no poison 
gland haw yet been discovered. They are for the most part 
very They are common in the warmer regions of the 

world, thoiigli they do not occur in Australia or in Madagascar. 
In Europe tlujy are found in Spain, Greece, and in Southern 
Russia. 

There are some twenty-four genera and a hundred-and-seventy 
species groui>ed in three families. 

Krtiii. 1, Galdodldsa. (Fig. 54(3.) Thp stigmata on 2n<J and 3rd al'dominHl 
soginontd covered with a finely tootheti plate. Only two eye-bridtles. 
Flagellum lancet-shaped. The claws on the legs are hairy and there are 
claws on tho 4th pair. OaUodeti C. L. Koch, with 9 true species extends 
from N. .Africa through Arabia, Syria, Armenia. S. Russia, Transcaucasia 
through Asia to further In«lia. Pamgakedes Krpbi. with six certain species 
extends from Morocco across N. Africa to Palestine, Syria, Arabia and 
Turkestan. 

Fam. 2. Solpugldas. No tooth plate covering stigmata. Claws 
amoi TNa-o o.- many eye-bristles. Flagellum varies greatly. 

Sub-ff-.- 1 Rhagodinae. Rhagodca with 22 8p>ecie8, Africa to 
8, of the Kipuitor and Asia ; Dtnorhax with 1 species, D. rostrum- 
psiUaci, Moluccas, Cochin China and Asisam. 

Sub-fain. 2. Solpugioae. Solpuja with 47 species extends all 
over .^Vfrica, Zeriassa with 3 species is found in S. and E. .Africa. 

8ub-fam. 3. DmsUdm. with I.? species e.xtcnds tliroughout 

Africa, Palestine, Arabia and Cyprus ; linosippus, 2 species found in 
B^gypt and Palestine Blossia 2 African species ; Qluvia I species 
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in Spain ; Hfiniblosnia I species in S. Africa ; Gluvi»p.^is 2 species in 
tJio Old WoiM : Sarotiomu« 1 species from Veru-zucla ; l'rocltobi\i 
and Purudoclcobis have »‘acli one species from S. AimTicn ; 

<recAa with 7 New ^Vorld si»e» ies ; Mmnmucia 1 S. Ameri< un sp.'. i.-.s. 

Sub-fftin. 4. Eremobatioae, Ertmobuhit tlic single genus bus 1)< 
N. American species. 

Siib-fam. 5. Karschiinae. Ccroma witit 0 species extends fr-.m 
British East Africa to the Cape : Gi/lippus 4 sp*-cies Syria. IVr>in 
and Central Asia ; Barrutf I Egyptian species : Euaimoniu ■' >p.-. i,>s 
North Africa to Central Asia; A'arsAm 4 species Tnuis< an. a«ia to 
Central Asia. 

Fam. 3. HexJsopodidae. The 4l)i hasn<» claus. rlu seuinmu 

oi tho limbs spinous ; the tarsi of all tlu* le^s is no 

plate over btit^inata, llapolhim filiform. Ibis fajmlv (* 0011111**9 but om* 
genus Hexisopus with fis'o species all conluicd to South .Vfrica. 


Order 0. CHERNETIDIA (PSEUDO-SCORPIONIDA).* 

Small tracheate Arachnida with cIkI nk rh>liara> tnid : 

abdomeii segmented, without wmst, wtth two pairs of stigmata and 
spinning organs; jioslanal tail ahsi nt ; no igts or 2 or 4 
simple ones. 

The Cliernelidia (Fig.^. 547. 54S) me sninll neat-Int.kin,g 
Arachnids ; a (Hiarter of an inch in Kiil'IIi is their outside tiiiiit 
and UH a rule they do not surpass an l■ighth. 'I'lu-y are uiiif.•mily 
coloured as a rule and are mostly hmuti or ehesinut. 

The ccphalothorox (prosoma) has 
either no traces of segmentation or at 
moetoncor two transversesliiae. 'J lu' 
two or four eyes—when eyes arc 
present—are placed near the lateral 
edge. The ahdonten (ojtisthosoma) has 
twelve segments with eleven teiga, the 
last two being fused, aiul nine sterna, 
the last four being fused ; tho terga 
may be in right or left halves separ¬ 
ated from caeli otlier in the nuddh* 
line by & membranous skin. The ab- 

doracn is capable of cotisiderablc extension, espicia y u leii 

• Bernard, J. Lin. Soc., L/mdon, Moarow Aniico 

London. 8er. ii, vi. 1804-7. j.. 300. Crone berg. 

1888, 1809. p. 41fl. Pickurd-Carnbridgo. Monograph of the P 

of Chenutidcae, 1892. « 

Z—III 
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eggs are maturing. There is no post-anal tail or spine of 
any kind. 

The chelicerae are small and chelate, the movable joint of the 
chelae being pierced by the orifice of the duct of the spinning 
glands {see below). The chelicerae in certain families also bear 
a small toothed organ called the “ galea,’* and in all the members 
of the group they bear a comb-like ridge, the “semila,” and a 
process, like the antenna of a Lamellicorn, termed the “ flagellum.” 
All these structures probably have something to do with the 
silk-spinning. The large pedipalps recall those of the scorpions 
and probably explain the second name of the group. They 
have six joints and are chelate, and their bases are produced in 
towards the mouth. The legs are slender and consist of from 
five to eight joints terminating in two claws, between which is 
a sucker like a pulvilius. 

The generative pore lies on the first abdominal sternum which 
is also pierced by the ducts of certain abdominal glands. The 
stigmata lie, a pair behind the first, and a pair behind the second 
abdominal sternum, rather to the side. 

Tlio alimcntaiy canal consists of a sucking-pharynx followed 
by a short ocsopliagus A\’hich traverses the chief nerve ganglion ; 
the stomach gi\es off an unpaired diverticulum which passes 
vcntrally and two lateral lohed diverticula which occupy a 
large part of (he body ; it then passes into a coiled or looped 
intestine, n vci y unusual feature in an Arachnid. Tlie stercoral 
pocket is small and no malpigliian tubules are known. 

The tracheae of the first pair of stigmata pass forward and 
those of the second jiair backwards. Rudimentary stigmata 
are described on the third and remaining segments of the 
abdomen. 

A pair of coxal glands are well developed; they are U-sliaped 

and internally the closed end consists of a 83 'ncytium of cells. 

I hey open on the co.xae of the tliird pair of ambulatory 
lifnbs. 

A pair of spinning glands lie in the cephalothorax and open 
to the e.\terior on (he movable joint of the chelicerae. There 
art* also large glands in tlie abdomen which open two median 
I>apillae, one under the genital operculum and one on the anterior 
edge of the third abdominal segment ; they probably produce 
a secretion which keeps the eggs togetlier. 
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The heart consieta of a dorsally placed tube, the number of 
ostia which open into it is otill a matter of dispute; possibly 
it varies in different species. 

The nervous sy.stem in the 3 'oung is discrete, as many as 
sixteen ganglia being distinct, but in the adult these have fused 
into a common mass. 

The ovary is median and has projections which contain the 
maturing ova. Laterally and anteriorly it is continuous with the 
right and left oviducts which form the typical arachnid ring 
uniting ventrally at the genital orifice. The testes form a net¬ 
work arrangement (a development of the riiig), which communi- 
cat&s with a right and left vas deferens. A pair of accessory 
glands discharge their 
contents cIo.se to the 
external orifice. Two 
peculiar eversible struc¬ 
tures arc found in this 
region in the male. They 
are termed “ r a m ’ e l> 
horns ” and are by sonic 
authorities thought to 
liave to do with the copu¬ 
lation. Tlic eggs are 
carried about by the 
mother attached by some 
secretion to the ventral 



surface of tlje abdomen. 
The silk glands produce 
the silk for a web or nest 


Flu. Chflifer Savljjiiy a Thorax 

(prosofcio) ; fr ohdoiucu ; c chcllc-cmo ; d «yca ; 
e liliitler BtniiK nt <>f Uiurax ; ! Iroot Bcgmcot of 
thorax ; h pcdljMlid. 


in whieh the female retreats whilst the eggs mature. 

The Cliernetidia are carnivorous, feeding mainly on small 
insects or unresisting larvae. They are retiring in disposition 
and live for tiic most part under leaves, stones, bark and moss. 
They can as a rule run swiftly forwards, backwards, and sideways, 
and usually wave'^lfccir large pedipalps in the air. Although 
seldom seen tlioy are widely distributed, and tliis may partly 
bo due to tlieir habit of clinging with their pedipalps to flies 
and locusts and oilier insects which transjiort them ifi their 
flight. Various extant forms, such os Cheliftr and are 


found in the Oligoccne amber. 
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There ie but one family— 

Fam. 1. CheliferidAe with the characters of the Order. This includes 
3 eub-feunilies and 9 genera. 

Sub-fam. 1. Chellferlnae. A galea and no epistome, eyes 2 or none. 
Two genera Ohdifer (Fig. 648) and CAcmca ; CAef. cancroide^ is found 
in houses 6uid sometimes termed the book-scorpion; Chtl. hermanni, 
Chel. cancroidea, Chd. meridianua, Chel. sttbrvher, and Chel. latreilUi 
ai-o British. Cherny is blind, whilst CMifer has two eyes. Cher, 
nodoiua, Cher, xnatietua, Cher, cimicoidea, Cher, dvbiua, Cher, phalaratua 
are all British. Sub-fam. 2. Oarypiose. The cophalothorax is con¬ 
tracted anteriorly, with 3 genera : Chiridium mxiacorum is British and like 
Chel. cancroidea lives in houses, Olpium, Oarypti^ Sub-fam. 3. Obisllnae. 
Cephalothorox broad anteriorly, very large cliolicerae. 06i>tum(Fig. 547) 
of which the 6{>ecie8 O. muaccrum, 0. aylvaticum and O. maritinum are 
British : Roncua with the British species R. r<im6ri"d^'t and R. luhricus ; 
und Chthoniiia with Chih. orlhodalylita, Chth. rayi, Chth. tetrachclatua and 
Chth. tmuM found in Great Britain. 


Order 7. PODOGONA (MERIDOGASTRA). 

Teryum of ce-phalothorax in txvo parUy the anterior hinged and 
hanging over the base of che.Ucerae ; no cephalothoracic sternal plates 
visible; abdomen apparently of four segments; fifth pair of 
appendages modified in the male as intromittent organ ; spiracles 
on the cephalothorax. 

This order has recently been established • for the reception 
of the genera Cryptoatemma and Cryptocellus. The squarish 
tergum of the cephalothorax is divided into an anterior hinged 
part, the “ cucullus ” which overhangs the mouth, and a larger 
posterior portion. The st-emum requires dissection to make it 
evident. The abdomen consists of nine segments, but some of 
these are so small and so masked that only four segments are 
as a rule visible. The chelicerae are chelate and the pedipalpe are 
weakly so. The coxae of the first three pair of legs are immov¬ 
ably fused, but those of the fourth and last pair are capable of 
restricted movement. The terminal joints of the third leg in 
the male are highly modified for depositing the semen. There 
are no eyes. The single pair of spiracles arc situate on the 
cephalothorax above the coxae of the third legs. The genital 
aperture is between the second and third sterna of the abdomen. 

* Lookester, Q. J. M. 8oi., xlviii, this oontaios a list of literature, but 
66# aIad the very important memoir of Haoeen and Soreoe^n On Two Order$ 
of Arachnida. The Uaivereity PreeSi Cambridge* 1904* 
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Fom. Cryptostenimatidae. Tlio singlo family with the characters of 
tlio onlfr (-ontiiiiis tv\<i j'<'Hcra, C'rypf-.sUtufna from West Africa and Cryp- 
^ tocrlijt frniii South AiiuTicii. the f<»rint‘r viith six Bpecies, tfie latter with 
two. 'I’ho niiiiihor of spcciinons which liuvo been at tho disposal of zoolo¬ 
gists scarccjly surpasses a score, and wo I»now next to nothing of the inner 
anatomy, tho habits or tho dovelopment of these curious forma 


Order 8. PHALANGIDEA (OPILIONIDAE).* 

Traclitaic Arachnids udlh segmenkd abdomen which is united 
to Ote. ccp/uilul/uirax by its whole width, i.e. there is no ivaisl ; there 
arc a.f a rule no spinning glands; two simjde eyes; ckclicerae 
chelate but not the pedipalps which are not modifud in the male ; 
the female lays egg and the young resemble their iKircnta. 

'J'liesc creatures are usually known as “ harvestmen.” Tliey 
arc of a fair size and arc commonly mistaken for spiders, but 
the absence of uaist and the segmentation of the abdomen 
servo to r(‘a<lily distinguish them. 


ItiiX. 540 ^l*haltxn')ium o/tilio 



The ceplinlothorax hoars on its doiTial surface an elevation 
or turret whicli is partially covered hy spines and whitrh Itears 
laterally (he two simple eyes, 'J'he abdomen is pushed forward 
on the vei^ral surfttee carrying on its anterior edge the generative 
pore; a cephalothoracic slerniim is present, but it is much 
reduced and tnasked by this projection of tho anterior edge of 

xitU I'ranre. vii. IH7‘J. yinn. .Soc. EnUmi. lUl}., 

f/<: /y,tiuichr. tritix. X<tol.. xxxvi, |SH2. Kijrmwn, N/il. 

* IHH'I, Tliorfll, .1/m. Aftts. (Unova, viii^ 1H7<5. 
anibridge, Monotjraph of Uritish rhatarujids. 
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the abdomen, and by the gnatliohases of the 
pedipalps and of the anterior one or two pair 
of w alkin g legs. The anterior segments of the 
abdomen have fused with the ceplialothorax, 
but poBtenorly at least three segments remain 
free (Kg, 650). The genital optming \vhich is 
circular or transversely elongate is carried for¬ 
ward on the first abdominal segment, the two 
stigmata opening on each side of it possibly 
belonging to the second abdominal sternum. 
The ehelicerae {Fig. 552) are toothed and 
chelate, the movable joint being the third. 
The pedipalpi are longer with six joints ; they 
may be clawed but are never chelate ; the basal joint forma 
a gnathobase and is directed inwards towards tlie mouth. 


4 



Vis. Stl .*—a riuluifld or mrvailnoa, Oii^opkua $p{notyt, &duK iii«lex2. 1 ebell* 
neiM; Spedlpolpo; S. 4. 6 oad 0 flnt, aecOD«J, Uitid. uid fourtli legs 



4 


Ro. iSO.-Pkaiam- 
eopUeum, 
SATlgnjr. aCbeU* 
eefae ; « tjt*; 

e(lo lefOcephalo, 
tbonx: d ftbdcv 
D)eo;«pedtpalpl; 
/JuncUooal lloool 
thorax and abdo* 

m0XL 
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FHALA170IDSA. 




The legs of the Phalangidca form one of 
their characteristic features ; they are as 
in the Araneida seven-jointed, but the 
joints except the area which is fused with 
the cephalothorax are often much elon¬ 
gated and the legs are very long and 
brittle. The tarsi are multiarticnlate 
and terminate in one or two claws. The 



Tia. M<.—CbeUoene uid 
pedtaUpl of 

effpncum, moo from to 


frooi. 


first and in many cases the second legis bear gnathobases. 

There is a thin-walied pharynx with teeth within the mouth, 
and just behind it; traversing the nerve-mass is a moderately 
fine oesophagus which dilates posteriorly and then enlarges 
into a spacious stomach -{-intestine which passes straight to the 
anus. This stomach+intestine bears (some thirty) caeca of 
varying sizes, usually paired; tbeae however remain distinct 
and do not become entangled together to form a gland like the 
so-called liver of the Araneida. The anus is terminal. Phalan- 


gids, unlike spiders, eat solid food which may be triturated 
by the gnathobases and by the pliaiyngeal teeth. 

The heart is a doreal tube with three chambers and three 


pair of ostia; little more is as yet known about the circulatory 
system. The tracheae provide a complex system strengthened 
by spiral thickenings; the stigmata lead at first into large spacious 
chambers from which tlie fine tracheae ore given off. 

A pair of malpighian tubules open into the intestine, and a 
pair of coiled coxal glands, bearing internally a well-marked 
vesicle, open on the base of the third ambulatory leg. There 


are no spinning glands except in the CyphophthalmL 

The supra-ocsophageal ganglion gives off nerves to the eyes 
and to the chclicerao. It is a somewhat pyramidal-ehaped nerve- 


mass and it passes laterally into the star-shaped composite 
ventral ganglion which gives off nerves to ttie other appendages. 
Posteriorly it gives off a median and two lateral nerves which 
braneband bear ganglia and supply the steroctores in theabdomen. 


There is a stomatogastric system of nerves. 

Both sexes have long protrusiblo organs for emitting the 
products of the gonads (Fig. 652 bis). The ovipositor and the 
penis ore usually retracted ; when extended they are almost as 
long as the body. Both ovary testis are annu l a r and the 
former is papillated with the maturing ova. f^ cr© is a spacious 
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uterus and accessory glands. The eggs arc actually fertilized 
within the ovary. The ends of the annular testis fuse and 
form a coiled vas deferens wliich expands into a vesicula 

seniinis just before it 
enters the penis. It 
is by no means rare to 
find ova abnormally 
occurring in the testis 
of a Phalangid. 

Except when in use 
the penis and the ovi¬ 
positor are not visible, 
and then in the genera 
Trogulus and Siro it 
is not possible to 

FIO. 65Z5U.—Halo aod fomalOffCDcraUveorgaosof PAo/an- HntprmmA aev Tn 
opi/to (after Rrohn). T te»lU; Pd VMadeforontl*; aei'ermine me SCX. in 

P pcDlfl with accessory glanda; R retractor musclea; nthftr Phnlancrida hnw. 

Ov ovary; U uterus; Up ovipositor. OlOer .tiiaiailgias liOW 

ever the male is small 
and more vividly coloured than the female. At tlio time of 
reproduction the males indulge in “ combats acham^s.” • The 
eggs are laid in the earth and under atones, leaves, etc., during 
the autumn and hatch out the following spring. As autumn 




comes on the adults gradually die and w'ith some exceptions, 
i.e. the Troguhdae and Nemastomatidae which live for some 
years, they do not survive the winter except in the form of eggs. 

They are hatched out as miniature Fhalangids but white in 
colour. 

The adults have no organs of defence unless the evil-smelling 
secretion, which exudes in some species from two pores close 
to the anterior coxae, be counted as such. Their safety lies in 
their power of flight or of shamming death. Their long legs 
are well adapted for running on grass or stubble, but are easily 
broken. They are a thirsty race and have often been observed 
drinking the dew and sucking vegetable juices. 

The Fhalangids are cosmopolitan and are found in all latitudes. 
Of the three primary groups the Cyphophthalmi arc temperate 
and tropical, the Mecostethi are proper to the \uirmer regions 

of the world, whilst the Plagioatethi arc temperate in their 
distribution. 


• SimoD. 
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Sub-order 1. CYPHOPHTHALHI. 

First stomal plate of abdomen small and leaving genital orifice exposed. 
Ten tergal and nine eternal plates in abdomen. 2 or 4 marginal eyes on 
pedicels ; tho anterior abdominal segment dc not extend in front of the 
coxao of last legs ; sternum of prosoma long and narrow ; two or four 
stigmata. 

Fam. 1. Sironldae. Sternum long and very narrow, two eyes and 
two stigmata. Siro with two species, France and Corsica; Cypho- 
phihulmus southern Etu-ope ; StyloceUu$ Sumatra and Pcfrallue Ceylon. 

(Fam. 2. Gibocellldae, j^ith 4 oyes and 4 st-'rmata, are represented by 
a singleepecioB Oibocellum\u<Uiicum from Bohemia. There is some doubt 
if tliis animal really exists.) 

Sub-order 2. MEGOSTETHI. 

Tho three last segments of the abdomen remain free ; the coxae of tho 
postorior legs are fused with the first abdominal sternum, but the remaining 
abdominal sterna aro freo ; eyes usually borne on a frontal ridge ; sternum 
of prosoma long and narrow ; the anterior four legs bear one claw, tho 
posterior four two claws each. 



Fio 6ti3.—PAoian/ium eoriieum 6sv. Nstunl bIzo latf msgnlfled. 


Fam. I. Phalangodfdae. Body wedge-shaped, broadest behind ; 
the posterior abdominal sternum is tho largest: sternum of prosoma 
almost linear; coxao all immovablo ; stigmata concoaJed. This fiunily 
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belongs with some exceptions to the hotter regions of the Old Worid. 
Phalangod«», the European species, has also North American and Aus¬ 
tralian representatives. Mermeru*, Epufanus, Marocatidua and Sitalcsa 
are tropical genera. 

Fam. 2. GonjIeptidM, this family is distinguished from the preceding 
by the absence of a longitudinal stripe on the oephalothorax. They are 
exclusively American, Oonyltptue. 

Fam. 3. CMinetldae, also from America. 

Sub-order S. PLAGIOSTBTHL 

The last three segments are free or their segmentation is indicated by 
striae ; the anterior abdominal sternum is pushed forward as far as the 
first pair of coxae ; prosomatio sternum very short; a single claw on all 
the logs. Mostly denisens of temperate regions. 

Fam. 1. Phalangildaa. Integument soft or coriaceous ; two e)'ee on 
an eminence well removed from border of oephalothorax; the 2nd pair 
of legs have well-marked gnathobases ; the tarsus of the pedipalps is 
much longer than the tibia and ends in a claw. Scleroaoma with 2 British 
species : M<utobunti» ; Agtrobunua ; Liobunumwith. 2 British species has' 
very small body and very long legs ; Proaalpia a high mountain form ; 
Phalangium (Figs. 549, 660) the form commonly seen on walls, has 4 
British species; DcuyMme, Platyhuntu, with 2 British 8p>eoies; M«yabunua 
with 1 species foimd in our islands; Oya9 the largest member of the 
family, Oligolophua (Fig. 651) has 8 British species ; Acantholophu* as its 
name indicates is a spiny form. 

Fam. 2. IschyropsaUdas. Coriaceous, with a longitudinal stripe ; two 
eyes on an eminence removed from the border of the oephalothorax; 
coxae free ; gnathobases of 2nd legs reduced to tubercles ; pedipalps 
long with no claw, their tarsus is shorter than the two preceding joints. 
iS'a6acon lives in caves and grottoes; l9chyrop9alis in the same localities 
and in moss. 

Fam. 3. Nemastomatldae. Coriaceous, no stripe on cephalotboraz: 

2 eyes on on eminence near the anterior border of the oephalothorax ; 
coxao free ; pedipalps as in preceding family ; no gnathobase on 2Dd pair 
of logs. The single genus Nemagtoma bos 2 British representatives, they 
live in moss and the damp debris of forests. 

Fom. 4. TroguUds'd. Very hard, firm exoskeleton; oephalothorax 
produced in a bifurcated ho^ with overhangs rooUth ; ooxae fused to 
cephalothoracic stoma; no gnathobase on 2nd pair of legs; pedipalps 
moderate or short; their tarsi and claws os in preceding two families. 
Tliey are rather mito-like Pholangids with deliberate movements. Dicra- 
nolaama, Anelaemoctphdlus with 1 British species ; Calathoeratua \ Trogithte 
with 1 British species ; Meiopoetea, 


Order 9. ACARINA (Mites).* 

Degenerate Arachnids allied to the Phalangids. The abdomen 

is usuaUg unaegmented and broadly fused tvith the thorax. The 

* O. Fr. MOUer, ** Hydrachnae.” etc., 1781. A. Dugds, Reohraches 
sur I’ordra dee Acariens an gte4ral et lee families des l^mbidies. Hydra- 
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basal segments of the pedipalps are united behind the mouth, hut 
those of the following segments are widely separated and have no 

gnalhobases. Respiratory stigmata, when present, are usually 
cephalothoracic. 

The mites are divided up in a very large number of species, 
not perhaps so many as are the spiders, but into far more than 
any other Arachnid group. They also at times show a most 



fto. 664.^&Jpd of Aids Bongi, tcoo from the (Ji»r il surface (nftfrr B. Clapartdc). &t 
Padlpalpoa; O brmio ; Oc eye*; T U»iU ; Y^aJjapud glaud ; V iuUtiiag ; A anus ; 
/i4 €dC4UOua gliAdj. 


rapid rate of reproduction and hence if conditions are favourable 
very large numbers of individuals are met with. 

They are for the most part minute, except the ticks, which 
swell visibly after a meal of blood. Mites seldom surpass a 
millimetre in length, whilst many are microscopic. 


chn6s en part,” Ann. de* 8e. Sat., ii. 6er., Tom. u and ii. H. Nirolot, 
“ Hiatoiro naturolle des Ac&riona, ©tc. Oribatidoa. Archtvf« du idutit 
d'hist, Nat.. Tom. vii. O. Furatonberg, " Dio Kriitsmilbon den Menaclien 
and dor Thioro,” Loipziff, 1801. Al. Pagonatochor. IJoitrfigo *ur Anatomio 
dor Milbon/’ i. and ii., Loipzig. 1800-1801. E. ClaparWo. ‘ Studien an 
Acariden,” ZeiUchr. fur wist. Zool., Tom. 1808. 1. M6gmn, 

paraaitoaot lea malodioa paroaitairoe,'* 1880. A. D. Michael, Onba i ao 
baa Tiorroich Liof. iii. A. Nalona, ” Eriophyidoo (Phytoptidoo). op. 
cU. Liof. iv. O. Canoatrini. und P. Kramor, ••J>jinodioidu« und 
tidao," op. eU. Liof. vii. R. Pieraig, und H. Lol.mann, Hvdrachnidao 
und Halacaridao,” op. eit. Lief. xiii. 
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Many of them live parasitically on botli plants and animals or 
on decayin^f organic nmtter. They vary greatly in shaj)e. some 
being elongated, but perliaps their coinmoneht form is a rounded 
oval more or less arched dorsally and llattcned on the ventral 
surface (Fig. 554). The abdomen is as a rule separated from the 
cep.ialothorax by a line or by a sliallow groove, never by a deep 
constriction. Theantorior segments maybe separated oil from 
the rest of the cephalothorax and when this is the case they 
constitute the “capitulum.” Many mites are blind but many 
have numerous eyes. The number of these however varies 
capriciously and is little used in classification. The eutielc is 
usually soft, but is hard and thick in the Oribatidae. It bears 
numerous hairs and markings and is sometimes highly coloured. 

Ihe chelicerao may be chelate with the movable claw ventral 
TO the fixed. Frequently, however, they are much modified, 
arid in some groups the^^ are reduced to piercing stylets with 
or without serrated edges. The pcdipalps, wliich comprise 



Kjo. 555.— Fno- 
i'Av*** t-tiu, fnuu tin* it-af 
of the lino (aft^r ir. lAn* 
tio tivarn’s ; A 
timi* ; On trenitfti o|icoinff • 
P,'* tfjlnl und fourth 
VHir of IcfTsi. 


more than five joints, are subject to great 
diversity of form but are usually leg-like, 
sometimes ending in a raptorial claw cap¬ 
able of holding prey ; occa«ionally they 
become almost antenniform. Their basal 
joints unite in the middle ventral line 
behind the mouth, constituting the so- 
called labium. E.xcept tlie Eriophyidac 
(Phytopf idae) which have but two pairs of 
leg.s, (Fig. 555) mites have the usual 
Arachnid arrangement, viz. four pairs. 
The legs are six- or seven-jointed as a rule, 
fliough there is much variation on this 
jKiint, and they may end in claws (1-3), 
suckers or hairs or some combination of 
tliese (irgans. The clans are «*fton beauti¬ 
fully adapted to the needs of tlie animal. 


fitting for instance exactly round the 
haira of tlio mammal on which the mite is living. The ab¬ 
domen may be rounded or elongate {Dtinodex] and it is then 


sometimes ringed (Fig. 507). 


and it leads, at anv rate in some 


fipeoies, into a sucking phar>mx. whence arises a fine oesophagus 
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which pierces thcconcentratednerveganglion and then dilates into 
a globular stomach. Salivary glands are conspicuous in some of 
the ticks (Fig. 656). The intestine gives off a comparatively small 
number of caeca, two of which are large and pass backward (Fig. 
650 D). in some cases, as in spiders, the caeca are continued into 
the coxae of the legs. The intestine may be divided into a small 
intestine and colon and rectum, and in any case the malpighian 
tubules arise between the last named regions. No connexion 
has yet been found between the stomach and the rectum in 
certain of the Trombidiidae. In this family the former ends 
blindly and the latter is a simple sac packed apparently 
with excretory products. In some genera paired coxal glands 
supplement the malpighian tubules. 

Many years ago a tw'o-chambered heart was described in 
certain of the Gamasidae, 
but aince> that time no one 
has succeeded in seeing it 
and it seems probable that 
there is no specialized organ 
for propelling the blood in 
mites and that the circula¬ 
tion is lacunar and pro¬ 
moted by the movement of 
muscles and certain rhyth¬ 
mic pulsations of the ali¬ 
mentary canal. 

The respiratory organs are 
tracheae, often long and con¬ 
voluted. In aquatic species 
they are often absent. The 
stigmata are either paired 
and open near the base of 
the chelioerae, or above 

and behind the base of the 4th, 6th or 6th appendages, or in 
the artioular sockets of these or of the 3rd pair, or finally they 
are united and open on the dorsal surface. This diversity 
of position is used in classification. 

The nervous system is very concentrated; an oval mass with 
little indication of its component parte is pierced by the oeso¬ 
phagus. From it radiate many nerves, but there is no dominant 



A 


Fio. 6S0.—Anatomy of IzedM ricituu (alfcw Al. 
FufieDJtociMr}. <J Brain j Mitvary 

uloftd; /V ducU of MUTttry ; D 

tlculft of loUatloo ; A aoiu; A niAjpIgmao 
tubo ' Tr LundiM ol tnebaM ; SI •Usm*. 
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ventral nerve cord. The sense organs are eyes but these are 
not always present. Sensory baiie also exist and with these may 
be grouped the pseudostigmatio oi^ans of the Oribatidae which 
protrude from sockets on the dorsal side of the cephalothorax. 

The reproductive organs (fig. 667) are typically n-Timiluj and 
much alike in both sexes. The two testes are fused, and each opens 




Fio. S67.—• UAle : b fem&te gsnltaJ ofguu of • BOto Argot (aftar AL Pagatutoeber). T 
Tealea; Frf Mmlnal doct; Or pnaUte glaod ; OogaiUtal opaalag; OvovartM ; (Movldoct; 
U otem ; Dr gland alar appoulages. 


into a vas deferens. These unite at the external opening which lies 
in the ventral middle line, usually between the last pair of legs, 
but it may be shifted even more anteriorly. The male often 
bears a pair of suokere near the posterior end of the body at^d 
in many genera there is an intromittent organ. In some cases 
where this is absent the chelicerae deposit the spermatophore 
at the genital opening of the female in something the same way 
as the pedipalpi do in spiders. The ovaries are fused and their 
oviducts unite into a uterus or vagina whose opening corresponds 
in position witii that of the males. An ovipositor may be 
present. 

Mites undergo a metamorphosis (Fig. 568) and pass through 
several instars before becoming adult, but the stages are not the 
same in all species. The first is the egg which is usually undeveloped 
at oviposition, but in some of the Oribatidae is almost ready for 
hatching. The second is the deuiovum which occurs for instance 
in Aiax; here an outer eggshell becomes hard and brown and 
then splits longitudinally, thus allowing for the growth of the 
larva whilst at the same time affording it some proteotioD. The 
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third is the larva, which almost invariably has but three pairs of 
legs (Pig. 668). The fourth is the nymph, which lasts from the 
moult which leaves the larva with its complete complement of 
four pair of legs, until the last moult which produces the adult. 



no. U8.>-Larra ol a Bif^ n ek ma . b Ito pap* (oroph) : Kf ebellMr* ; Kt p«dJp*lpai 

0« eye* ; S lege. 


The nymph is at first active, but this stage is succeeded by a longer 
or shorter period of rest during which the tissues are resolved and 
reconstituted as in a Dipterous insect. The fifth instar is the 
oduk which often differs markedly from the nymph; so much is 
this the case in Tyroglyphus, the cheese mite, that the young 
nymphs were for long thought to belong to a different genus 
{Hypopus), and the stage is still referred to as the hypopial stage. 
I>uring the hypopial stage the mite can resist comparative 
drought and by clinging on to insects, etc., effect the distribution 
of the members of the family. 

We have taken our classification in the main from Lankester * 
who however does not differ very widely from Trouessart.f 
There are seven sub-orders and thirteen families of very varying 

extent. 


fiub-order 1. NOTOSTIOMATA. % 

dM$lon tofi iffithout 0 cUriu$,th* abdomen kae 10 eegmente, anterior 
®/ wAieA each bear a eingU pair of stifftnaUi. 

Warn. 1. OplUoaesrldss (liMridae). This family contains 1 «bdqs 


• Q. J. Mier. 8oi., xlviii, 1004, p. 165. 

I il. 18M. P- 20. 

t With, rid. Med. Copenhagen, 1004. pp. 137-102. 
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OptUoaearue {Sueam0\ in which the genital pore is pushed forward so as 
to lie between the coxae of the 3rd pair of legs ; there are but 3 species, O. 
seffmentatua from Algeria, O. italious from Sicily and O. arcUncua from Aden. 

Sub-order 2. ORTPTOSTIOHATA. 

Hard ifUegumefW, wM a corUinuoue dorsal and ventral scUriie ; the stigmata 
typically open at the base of all tJie lege, and are concealed in the socket or 
ac^abvlum. The cephaiothorax bears pseudostigmatic organs ; &ltnd. 

Fam. 2. Oribatldae.* Nonparaeitio, vegetable-eating mitee whoee 
hard cuticle has earned them the name of ** beetle ” mitee. Usually foimd 
under bark, amongst moss, or lichens and fungi or nnri^w stones. A few are 
aquatic. PtHope with 10 species ; Oribata with 45 species ; usually in 
moss, as are t^ two species of Serrarius ; Zetorehestes I species; Scuto- 
verteXp OepAeuSf Tegeocranus with 6 or 6 species each; Oarabodes and 
Z'Mcams wiUiO or 10 species ; Notaspis with 20 species ; Amenta with 1 
species i tlcmaeua with 21 species ; Hermannia with 9 species ; Neolifidee 
and Oymbaeremaeua with 3 or 4 species; Nothrua with 10 species ; Loh- 
mannia with 2 species ; Hypochthonius with 5 species; Hoploderma witli 
eight species ; Phthiraearua with 7 species. 

Sub-order 3. HETASTIOMATA, 

Integttmeni mostly hard, tracheae opening by a pair of stigmata above and 
behind the base of the fourth or fifth or sixth pair of appendages. This sub¬ 
order includes the tic^. 



Fro. MS.—g yniff i w manpttOm. Saytgny. eCSieUoeiM; tPed)- 
psipl i c boed; 4 ttwrsx; f sbdamfin. 


Fam. 3. Osma- 
sidse. Carnivorous 
mites, free on the 
ground or paramtio 
and then often on 
Insects, ehelioersa 
chelate, pedipalpa 
free, tarsi two- 
jo inted with a 
oanlnole or suok* 
mg disk, no eyas* 
2Dd pair of legs 
often Bto^uter than 
the others. Oama- 
stts eo i so pt r a torum Is 
often found a i- 
taohed to the beetle 
^eotrupes, Q. ma^ 
ginatus lives on 


corpses; Uropodo, 

this genus attaches itself to beetles by a thread formed of viscid excreta 
the anus ; Dermanyssus mostly parasitic on birds and bats, D, 
avium infests aviaries and poultry-yards ; Zsreon ; Pteropttts lives on bats. 

4. ^Tgasidss.f The rostrum is inferior and the mouth parts 

* A. D. M i c ha el , British Orib a ti d ae, Ray Society, 1694, Das Tkian 
reich, S Lioferung. Oribatidae. 

t Neumann, Be\*ision de la famille dee Ixodidde, Msm. 8oc. Zod. JVoMss, 
viii, 1895 ; x, 1897 ; xii, 1899 ; xiv, 1901. Neumann olsMes rhe Argasuiae 
OS a Pub-family, the Argaaioas, whi^ with thA sut^lamO y Xxodinae 
up the family Ixodidae. 
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ooncofUed from above, stigmata between the two last pair of lege, inteeu- 
ment leathery and granulated; eyee may be present. 

• This and the next family are moet formidable foee both to man and 
domeetioated and feral animals. They convey n Protozoan parasite. »Thich 
■is 08 a rule a species of Pirosoma, from 
one host to another just os Anopfules 
conveys 'the malaria organism. No- n| r 

thing’is known as to what goes on in mjI 

the: body of th© tick as the parasite gt I 

Oannot' be found there; perhaps it \ B\ _ 

bre^fs up into nitra-^iieroecopio spores, * I |~r ' 

iMit' it -4fi known that in the case of I ] 

TMcas > fever an infected female tick 
can infect her eggs and that theee give 
rise to infected larvae. The members 
of thi. family attaolc .oammaU and 

Mfds» especially the latter. Argaa with pedipsipud; ^ r<<kir ui 

8 ^>ecies (Fig. 561). 4. perricus at- legs, 

tacksman in Weetera Asia often with 

fatal resulte. OmilhodoroB with 11 species has one Europ.Mui repreecntn- 
tive O, uUajt. Like the Ixodidao tlie members of vma lamily seem to 
flourish best in warm clims^tes. 

Fam. 6. , Ixodldas.* The terminal rostrum eoropeisos (1) a b.^-id 
portion, (2) a pair of pedipalpe, (3) a h^'TJo«t<■tne hfHotwithrocun.’ed hookrf. 

and (4) a pair <>( 

- C chelicerae, outtiiif* 

behind the coxa© of 

pao. f1 "Tw'in--^ ■MSrftMw. nivlor side, a ChelloorM ’ b sucking of blood, 
psdlpsMjsiSSSS spseton: dsosl spsrtoi*; i-7 brings about an 

^ enormous inpreaso 

insissaodthsbodymayattaiiithesiMofafilbert. 

fax a dorssl shield which does not permit them to well as 
Ths larvae of most ticks Uve upon and amongst plenty J^Win 
•siss hold of passing animals and thrust tbeir-rostrum into ?~x 

Tha Ixodidae are parMitic upon mammala and to a leai 

taptilaa, but thoKvoral .pecioa am catholic in their toirt«a and do not oonfln© 






stt 


amwiiimm uoder aide, a ChellocrM' b 
apwiore; d aoal apirtoia; 1-7 MoU 


^ liaunann v# aupra. 
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their attentions to one speoiee of host. Ix^d^ (Ffgo* MO* 556) with some 80 
speciee is capable of living in comparatively cold countries* this genus is 
blind* I. rieiniu is the common dog tick ; Etehatoctphalus (HaemcUatior) 
with 6 speciee; Aponomtna with 14 speciee inhabits the warmer regions 
of the Old World and is often parasitic on snakes ana other reptiles; 
Antblyomma with over 70 species requires a topical climate is largely 
American and African but it reaches Asia. A. hebraewn is the w^-known 
“ Bont-tick " of 8. Africa ; Hyalomma (Figs. 569, 561) 3 speoke largely 
African but it also extends into Asia; Haemaphyaali* with 18 species 
is largely Asian; Rhipieephdlvs with 14 species is chiefly African* but 
spreads to Asia and Europe and has been widely distributed by man^ R. 
annulatua conveys the parasite which causes the Texas or Red>Wator 
fever in cattle, several species attack sheep ; Dermaeentof with 7 species. 

Sub-order 4. PROSTIQMATA. 

Stigmata, vhen present, lie dose to or above the bases of the ehsHcerae : 
they are absent »n tome aquatic f or me. Integument toft hut tritA eelerites, 
those on the ventral surface apparently represent the proximal segment of the 
legs embedded in the body. 

Pam. 0. TromUdUdas. The pedipalps usually have the 2nd joint 
longest and a Anger and thximb arrangement at the tip, some live on plants 
and some are carnivorous, tarsi 2-clawed and without a caruncle. Tetrony^ 

ehus telarius the red ** spider ” of our hot* 
houses spins threads from a papilla near the 
end of the abdomen, many other species of 
this genus damage plants; RhesplUgnaihut, 
Bryobia with long anterior legs ; Trombidium 
hotosericeum (Fig. 562) is the commonest of 
the ** harvest mites," in its youth it is par¬ 
asitic on Pbalangids; Caeeuiut mimics Fha- 
langids; Tareonemue attacks planta. 

Fam. 7. Hydrashnldss.* Freshwater 
mites with legs provided with long, closely 
packed hairs adjy tftd for swimming. Pre¬ 
daceous with the earlier stages often parasitic 
on water insects (Fig. 658). The Hydrachnidae 
are very widely distributed ; they are mostly 
Flo. MS.—TVomMiKym Mottri- freshwater but some, such as many species of 

K^giiln). ffydrachna and of Hydryphantes, and others 

live in brackish water, whilst Pontarachna 
and ^autaracAno have marine representatives. They live on other 
orga n i sms , chiefly on species of Dophnia and Oypris, more seldom on 
Cyclops, Onat-la^ae and Infusoria. lAmnochares 2 species, lives in 
mud, Eulais, young stages parasitio on aerial insects, 35 species; 
Piersigia, Diplodontus, Bargena, Thyopsis, Peeudothyas, Partmtnia, 
Tanaognathus, Mamersa, Midea, Xystonotus, Mideopsis, Axonopsis, Albia, 
Braehypoda, Ljania, Frontipoda, Onaphiscus, Paeudosperchon, Limnssi^ 
optie, Koenikea, Oapobates, T^preOia. Weitina, Pionopsis, Ecpoius, Eneentri^ 
dophorus, Najadicola, Buitfeldtia, Nautarachna and Kongsbergia are all 

* Pieraig and Lohmann, Das Tierreieh, IS Lieferang, Hydrachnidae 
and Halacaridae. 
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genera with but a single species; Hydrachna with 33 species, Thy<u with 
8 species, Panieue with 4 species, ProUia with 2 species, Eupatra witii 4 
species, Sydryphantes with 17 species, Krendowelcut with 3 species, 
^rrlisaurus a very large genus writh about 100 species, Aturus wnth 4 
species, Torrentieola with 2 species, Etbertia with 6 species, Oxu3 with 
8 species, Tt/uionia with 2 species, Sperchon with 14 species, Limncsia 
with 12 species, Atractides with 5 species, HygrcbaUe with 11 species, 
Bydro^iorciUta with 3 species, Pionacercus writh 4 species, Laminipea with 
6 species. Aka with 27 species, the well-known Atax borui infests freuh- 
waterm n ss el s (Fig. 654); Neumania with 11 species, FeUria wath 10 species, 
Tiphya with 9 species, Piona writh 34 species and PorUarachna with 3 
species. 

Fans. 8. HtUcaridae.* Marine, the head bearing the chelicerao 
and pedipalpe (the capitulom) is movably articulated witli tlio body, 
usually an anterior and a posterior 
dorsal, hard, sclerite, and two side 
ones protecting the eyes, legs attached 
to the side of the body. This is a 
comparatively rnnall family of marine 
*uites which do not swim but crawl 
about on- sea-weed and hydroids, 
ascidiana, etc. They ore for the most 
part predaceous, but Rhonibognathita 
eats sea-weeds. They are widely dis¬ 
tributed both horizontally and verti- 
HaUxodaa, Aulopaalia, Acarom- 
antia have each one species, Cotobocaraa, 

^^ptognathua and SimogneUhua each 
*’Wo, TrxmeaaarteUa three, Agaue seven, 
and Balaoarua 41 species. Pio. 

Fmo-O. BddUdU. These loDg-no«.d Mlu, ,»lt. .lU. beoic, 

or snouted mites are distinguished by ... 

the marked separation of their “ capitulum ** or “ head ’ from tl» iwt 
of the body, oheUoerae chelate and long and projectmg. pedipolpa tactile 
and elbowed ; usually bright in colour, often red ; larvae attach then^lvee 
to spiders and beetles but the adults ore free and predecoous. bctrua. 
BdaUa. Ammonia, Eupalua, CkeyUtua (Fig. M3) sometimes placed m a 
aaporate family, Orypiognaihxta, Eupodea and others. 


Bub-ordor 6. A8TI0MATA, 

^^enemte, uaually paraaiiie miua which approach the Proatiymata in 
tAa development of the inUgumeniat ecUriUa, soft $kin, no tracheae. 

Fom, 10. Barooptldas.t Rounded posterior end of the body ; lo^ 
mostly 6-jointed with 1 or 2 clews ; eyes seldom found ; sexee 
markedly different. Most parasitic on or in the skin of Mammals, Buds 
and Insects. There are numerous sub-families. Bub-fam. 1. CjrloUeWnas, 
Cytoliehtia and LaminoaiopUa each with one species. Sub-faro. 2. Sarco- 

• Pioraig and Lohmnnn, Daa TUrreieh, 13 Liofenmg, Hydraclmidae 
and Halocoridae. ,. , 

t Canestrini and Kramer, Demodiridae and Barooptidae (mcludmg 
Tymglyphidae) Daa Tierreiehliti Uof. 1699. 
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ptiOM the Ho-coUed Itch mites, Notoedre*, Prosopod^eies, i9arcop<«s, S. seabiei 
(Fig. 664yattscks man, burrowing in the epidermis, Cnemidoe4>pU0, Pg6ropt«e, 
Psoralget, Chorioptea (Fig. 665), Caparinia, Otodectes. Snb-fam. 3. OsDM- 
trinilnse, mostly parasitic on inseote, lAnobia, Caneetrinia, Colaopteropliagtts, 
Hemiaarcopte*. 6ub-fam. 4. Ustrophorinae, living amongst the hairs 

a d 




Via. b«4.-^nopU4 t&MH ialiat Oaddan). • tUle Hem th« ; A 

ttia reotnl tide; c lemtie hem the donel tortMe ; 4 Urea ; Kf CdeUcene, a (olnl 
ptlr of tagi. 


of Listrophorus, MyocopUa, Triehoeciutt Schitocarpua, Cdmp^- 

cAtriM, Labidoearpua, Chimdiaeua. Sub-fam. 6. Analgtnae, these mites 
live in or on the feathers of birds and sometimes burrow in the eldn. 
PrayanOt FtaroUebva, Xoloptaa, FaietUifar, (JhiloemrxMa, MeUorhyncHm, 
Anttaieydium, Thaearthra, Nettmannia, Syrinyobia, Dermoglyphua^ SfAaaro- 
gaatra, Pteronffaaua, Arialgaa, Fntatgaa, M^inia, Naalyeat FtaroUoptaa 
XoioJps#, AO^ptaa, AUanatyaa, Proetophyllodaa, Troitaaaartia; Ptwndaolas, 
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Pterophagtis, Heterop«orus, EpidermopUs, RivoUatia, Pachyltchtis, Micro- 
lichu$, DermcAium. 

Fom 11 Tyroglyphidte. (Fig. 566.) Intogumont smooth and soft or 
with low protuberances, never parallel folds ; the legs usually have a single 
claw, often with a leaf-like but not stalked sucker. They mostly have 
a wandering larval stage and with few exceptions, which are parasitic, live 
amongst carrion, cheese and other organic matter. Hiatxoatoma and 



Fin. e««,— tiro, seen from tho ventral side. A ^ ai^J 

(from Loucksrt and NlUclie). I I'edljvUr.l; 2 clicUcerao : S^. ®J 

fourth walking legs; 7 chltluoai tliickoiilugs supporting ® .tilo of 

fcprodactive op^aLog, flanked by twu suckers on each ilda ; 10 anui , 11 iuckt ra a 

anna. 


Nodipalpua mostly on plants or manure ; Chortoglyphus, on 

algoo ; Aleurobius in meal; Tyrogtyphiis, tho cheese mite ; HtatwgaaUr 
on plants and fungi ; lihizogtyphua and Hcrtcia on tho bark of trees and 
vinos; Glycyphagiui on dust, in mole holes and moss; Saproglyphua on 
fungi ; Carpoglyphua on fruit and jams ; Trichotaraus in iiist'ct nosts ; 
Derr}uic(ir\i8 on Sdurtis. Puilta on booties. 


Sub-order 0. VERMIFORMIA. 

DtgtMrata aconnes, tr*<A no tracheae and no cyea, the poaterior end t>/ fA« 
body ia produced into an annutaled tail. The four ;«rrs of lega are abort 

Fam. 12. Demodicldae. Microscopic mites whuh live in the hair 
follicles and sweat glands of certain Mammals and cause the distniso kiiowm 
os “ follicular mongo.” The larva is legless or with very short logs 1 hiro 
are 5 well rocogniz.tl simhuos. and several doubtful ones. Detnodex foUt 
eulorum (Fig. 667) lives on man and ia often seen in follicl- on the nose, it is 
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probably cosmopolitan. D. canis attacks dogs, D. 
oaprae the European Capra hirctu, D. phyllotdes the 
pig, and D. bovis the or. 

Sub-order 7. TETRAPODA. 

Degenerate mites vnthout tracheae, the body is elongate 
and the posterior part is ringed, the 3rd and Ath appen¬ 
dages are lengthened the Bth and 0/A absent. They 
eauee and inhabit plant-galls. 

Fam. 13. Eriophyldae • (Phytoptldae). Fig. 665. Tho 
mites of this family form galls, with a single chamber 
opening to the exterior by a pore protected by hairs. 
The chamber, unlike those of insect-formed galls each 
of which contains ono insect, contains a considerable 
number of mites which live on the vegetable hairs 
growing on the inner wall of the chamber. Eriophyes, 
with some 150 species on all sorts of plants ; E. tihae 
forms tho well known “ nail ” galls on the Lime letd 
and E. ribis is at present doing much harm to hla. k 
currants in Great Britain ; Monochetus with ono 8[>co»os 
on the Beech ; Phyllocoptes some 50 ei>ocio8 on many 
plants ; ArUkocoples many species on tree^ : TegonoUts 
3 species on three natiual orders of plaids ; Epitrt- 
mertts 14 species on nine dilTeront natural onlcrs ; Oxy- 
pleurites 0 species on 5 difTenmt natural orders , an< 
Paraphytoptus ono species on Arlemisio. 



FlO 6^7.— 

ioUicuiorum 


AI’FENDIX I TO THE ARACHNinA. 

We have placed tlie Tardij^iuda and tlie Pcntftstunnda in 
appendices to the group Arnclinidu because tlicy s low is me 
Arthropod characters and their afhnitiea point more c ost y o 
the Arachnida tiiau to any other group of Arthropods. 


Order TARDIGRADA. 


MinvJU, cnjplozoic miimals ivith four pairs of stumpy cauc <f/., 
suclorial tnoiUh atul oral armeiture, withoui circ U>ry at 

Tcspiratory systems and connective tissue. 

The Tardigrada are cryptozoic. living a retired life aniongs 

moss and debris collected in gutters, of roofs, on tree ru 


• Nalopa, Das Tierrtxch, 4 L'«fo'’ung. Eriophyidiw 

t Piute, Zool. Jahrh. Anat.. ui, 1880. v. 

Jahrb., xxii. 1806. Richters. ZooL Ane., xxxi, 1007. p. 1J7. ami a. 

£ocL Anz., xxxii., 1008, p. 033. 
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or in ditches. They are very widely distributed and very common 
yet they are seldom seen. Their small size aids them to elude 
observation, they average but 0'3 mm. to 1 mm. in length. 

The body of a Tardigrade is enclosed in a cuticle and this 
and the underlying tissues are often transparent, and, as many 
of the cells ore large and symmetrically placed and above all 
there is no connective tissue to blur the organs, they form a very 
favourite object for the inspection of microscopists. The cuticle 
is usually of a uniform thickness all over the body, but in Echi- 
niscu^ it is thickened into certain dorsal plates. The forked 
claws at the end of each of the eight legs are also cuticular. From 
time to time the cuticle is cast and it is not unusual to find a 
Tardigrade imprisoned in two cuticles the outer one of which 



Fro. MVS.— MacryjbiUu^ $chuHtH (oftcr 
O mouth; Vm phar>Tix; Md 
siofnacb ; Spd gUncLi ; Or ovary ; 

T UalpIghLau tu6iue;» ; y$ acce904.ir)' 
gUud. 


he has cast but not yet tlirown 
off. Macrobiotiis lays its egg 
in its cast cuticle. 

The shape of a Tardigrade 
varies within limits but it is 
usually somewhat squat; many 
have roughly speaking about 
tlio proportions of a land tor¬ 
toise and their movements are 
os deliberate as those of the 
Chelonians. Anteriorlj' is 
situated tlie mouth and pos¬ 
teriorly the anus. On each 
side arc four logs, the anterior 
pair pointing forward, the two 
middle pairs forward or out¬ 
ward, the hindermost pair 
backward, and each leg ter¬ 
minates in two forked claws 
which assist the creature to 
cra\d al>out (Fig 568). Lydella 
is dcacTil>ed jis having two 
joints to each leg, but with this 
exception the legs are un¬ 
jointed. 


The epidermal cells which underlie the cuticle are arranged 
in very definite rows ; they form but u single layer and the con- 
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Bpicuous nuclei arc placed in each cell in a corresponding position 
to that of the corresponding cell of the other side of tlie body. 
At the end of the limbs and around the orifices into the body 
the cells are heaped up, but elsewhere the cuticle and the single- 
layered epidermis surround a spacious body-cavity. This 
cavity contains the viscera which are bathed by an unenagu- 
lable fluid. Numerous corpuscles, increasing in number as tho 
animal grows old, float in this fluid and these in well-nourished 
individuals are packed with food reserves. The body-cavity is 
traversed both by muscle-fibres and by nerves symmetrically 
placed, and the curious absence of connective tissue, associated 
in many cases with tho great transparency of tlio tissues, allow .s 
these to be readily investigated. There arc also venLial. doi-^al, 
and la^ral bands of muscles, and others that move the limbs 


and teeth. 

The mouth commences with wliat is termed the (»ral cavity, 
W’hich mayor may not be surrounded hyet iiain cutieular ring'-; 
this opens behind into a narrow tube lined by chitin, tho mouth 
tube. The two cliitinous teeth or .stylets project into the moutli 
tube in certain species of Marrobictu^ and Doy(ria but into the 
oral cavity in Echiniscua, Milnesium and some apeeios of Macro- 
biotwi. Tlicse tectli or stylets may be strengthened by a eal- 
careotis deposit. They are moved by three muscles attueluHl to 
their hinder ends. The mouth-tubo posses into a stout muscular 
pharynx, circular in outline with radiating muselc-fibrcs. When 
these contract tlic lumen is enlarged and tho fluid food—usually 
tho celhsap of Bornc mo8S cell which haR boon pierce yy t lo 
stylets—is drawn in. Two glands, called salivary, open into tlio 
mouth : in some sijccics tlieir secretion is considered poi^oiioiis. 
Tho pharynx is succeeded by an oesophagus which may be 
reduced to almost nothing ; this opens into a capacious stoinooh 
whoso walls consist of a layer of very definitely licxagonal celb. 
Posteriorly this jiasses into a rectum, wliicli unites wi i 
duct of tho excretory organs and of tho reproductive - 

tho rcaulting cloaca openn by a tranHverso elil between lo 

pair of IcgB. # 

The cxcrc-U)ry function is said to bo carried out by a pair o 

lateral coi^ca whichopen into tho rectum. Ihcsoicca lesouic 
what siiiiilar diverticula of certain mites and probu y rept 


malpighian tubules. 
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There axe no special organs of circulation or of respiration. 
The corpusculated fluid in the body-cavity is moved about 
intermittently by the movements of the legs, teeth, etc., and 
this fluid and the tissues must be oxygenated tlirough the thin 
cuticle. 

The nervous system comprises a supraoesophageal ganglion, 
an infraoesophageal ganglion, and a ventral ladder of four 
ganglia. The supra-oesophagcal ganglion is somewhat rounded ; 
posteriorly it is produced on each side into two lobes, one of 
which bears an eye ; close to tlxis a slender nerve emerges wliich 
runs straight to the first ventral ganglion The large mass of 
the brain is curved round the oral cavity and enters the sub- 
oesophageal ganghon. This is united to the first ventral ganglion, 
and this in its turn to the next, and so on, by widely divaricated 
iongitudinal commissures. The transparency of the tissues 
and the aUsence of connective tissue allow the nerves supplying 
the curiously symmetrical muscles to be readily traced to their 
nerve-plate or nerve-end-plate. 

There has been much confusion about the sex of the Tardi- 
grada. Pur a long time they were thought to be liermaphrodite, 
but more recently the genus Macrobiotus has been shown to be 
bisexual, and probably' the same holds good for all the genera. 
The males are smaller than the females and much rarer. The 
testes an<i ovary open into the intestine near the posterior end 
and eocli is provided with a dorsally placed accessory’ gland. 

Only some of the eggs develop, and this they do at the expense 
of tlie others.. The segmentation of the egg of M. macronyx is 
total and equal, and a typical blastula and gastrula are formed. 
The blastopore closes and the anus ultimately arises at the same 
spot. Four pair of mcsoblastic somites are formed and give 
origin to the coelom and to the musculature. Both the 
malpighian tubules and the testes and ovary arise as diverticula 
of the alimentarv canal. 

I'lK details of the development seem to be primitive in their 
nature, and uitord no support to the view that the Tardigrada 
are in any way degenerate. They may be regarded as the 
simplest and lowest group of Arthropods, but tliey show' little 
affinity to any of the now existing forms. The fact that different 
authorities have placed the Tardigrada near the Crustacea, the 
Rotifers, the Annelids, the Acarina, the Pentastoraida, and 
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the Myzostomida shows that their position in the animal king¬ 
dom is very indetermipatc. 

Those Tardigrades wliich live amongst moss, like some Rotifers 
and Nematodes, possess remarkable powers of undergoing desic¬ 
cation without being injured in any way by the process of drying 
up. As the moisture diminishes, the Uttle creatures cease to 
move and begin to shrivel up until they resemble a small grain 
of sand. After rain or heavy dew, however, they slowly revive 
swell up to their former size, and behave as if notl.mg had 
interfered with their former activity. 


Fam. 1. Echinlscidae with the characters of the order. 

The following genera are recognized i—Fc/nni'scM C-^ < = 

Eurydium Doy.) a widely distributed genus found m the A.etic 
region and on mountains up to 11,000 feet and .-Isewhere, J hero 
are numerous species and one sub-genus Eclnmsco,d,sid uhich . 
single species EchinUcoides aiyismundi lives amongst sea-tte^. 

A/<cro!y<fa (Lydrffu), one species with elongated legs, is ano 1 .1 
marine form Jl/aerohiotas with many spee.es lives aino igst 
moss or in fresh-water. Doyrria with a sing e spiiiis as 
amongst moas. Dipha.ron »iti. several speeies oeeurs m Luiop,, 
Sl.itsbcrgcn and Chili. MihiP.dnm has two species. 


ArrENDix II TO the Ai’.aciinid.v * 

Order PENTASTOMIDA. 

Elongated, vermilorm ZZmIonj'or ZZalJy 

dtiioa on both sides of the mouth, no / 

organs, larval form present. i,.;„a Timma- 

The Pentastomida, with but three genera, 

(Ufa and Jlci<jluirdm.-\ arc exclusively parasi e I 

adult stages of their life iu the ::1 

out or coughed up, and, falling on f 

some vegetable-feeding animal. When they romd. the stomae , 

• W.SIil..«.Z,i(«r/ir.tei»..Zue/..lii. IN'Jl. ('Ulirmsau. 0"''- g. 

IKKU. A. K. Shii.l.-y, Arch. '• 

t H. B. Ward, Arner. Atx.. P- 
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the egg-shell disappears and the issuing larva makes its way into 
the tissues surrounding the alimentary canal. Here it comes 

to rest and encysts, until this first host 
falls a prey to some carnivorous animal, 
when the parasite makes its way into the 
nose or lungs and becomes in a short 
time mature. 

Like most £ntozoa and other animals 
that live in the dark, the members of 
the Pentastomida are white unless tinged 
uith the blood of their host which they 
suck. The body is either cylindrical or 
in the genus lAngualula somewhat flat¬ 
tened and lanceolate; it is more or less 
sharply ringed, but the annuli do not cor¬ 
respond with any internal segmentation 
and there is very little trace of segmenta¬ 
tion in the body at any time of the life- 
history. 

The anterior end of the body is separ¬ 
ated off from the rest sometimes by quite 
a narrow neck. This head bears the 
mouth and two pairs of chitinous hooks. 
It never shows any annulations. The 

FlO. 6fl0.— Ptnt/istomum I i i '. . 

o Mouth; HOOKS have expanded chitinous basal 

Hi tlie hooks; Oln- 1 * • 4, «• i_ , 

teatim.; .1 auua. piaces into Which muscles are inserted. 

The hooks themselves are strongly re¬ 
curved and can be protruded and retracted with ease. 

Certain papillae are symmetrically scattered over the head, 
and others are arranged over the anterior half of each annulus. 
These correspond with epidermal pits. There is also a pair 
of large papillae, which lie in front of the inner pair of hooks 
and bear the openings of the hook-glands. 

The body is ensheathed in a cuticle which is secreted by the 
epidermal cells. The epidermal glands are special aggregations 
of these cells with a short lumen ope nin g on the papillae; these 
openings were formerly called stigmata. Some authorities regard 
them as having an excretory function.* Tlie hook-glands how- 
evei' are much larger structures, and extend on f ach side of the 
• Baldwin Spencer, Q. J. Mic. 8ci., xxxiv, 1SC3, p. 1. 
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alimentary canal to near the hinder end of tlie body. Anteriorly 
the right and left glands fuse to form the head-gland which fills 
up a good deal of the space within the head. From the liead- 
gland three ducts arise on each side, one ^jasses to each of tlie 
large papillae and one to the base of each hook; it has been sug¬ 
gested that the glands secrete an irritating fluid which stimulates 
the flow of blood and prevents a coagulum being formed. 

Below fhe epidermis lies a layer of circular muscles and be¬ 
neath them a longitudinal layer. As in Polygordius, Piripatu^ 
and other primitive animals, a sheet of muscle fibres runs from 
each side of the body towards the ventral median line thus 
dividing the body cavity into thiee chambers. Other muscles 
move the hooks, and there are several wliieh by contracting 
enlarge the lumen of the pharynx wliicli thus acts as a suckiiig- 
pump. The muscles are striated. 


The mouth is borne on a prominence ; it leads into a pharynx 
wluch passes backwards and upwards and opens into an 
oesophagus. This passes upwards and projects into the luiiica 
of the stom’ach, thus forming a ealvo prevents the regur¬ 

gitation of the fluid food. The stomach or mid-gut is largo 


and stretches back to near the hind end of the body; licro it 


narrows and passes into a short rectum which opens by a terminal 
anus. The pharynx and oesophagus and the rectum arc lined 
with ohitin and represent the stomodaeuin and protodaeum 

respectively. 

The nervous system consists of a large ventral ganglion wliicli 
gives off two cords devoid of ganglionic cells wliich meet and 
fuse above the oesophagus. From each side ciglit nerves arise 
which supply the neighbouring structures, and behind, a ninth 
pair, the largest of all. runs backv^ard along the ventral sur¬ 
face of the animal to the posterior end. The •<mly sense organs 
are certain paired sense papillae situated on the licad. There 
are no specialized respiratory or circulatory organs and no organs 
comparable with nephridia, coxal glands or malpigluan tubules. 

The sexes are separated in the Pentastomida. The males 
are sniaHor than the females and are said to be the more numerous. 
The testis is a cylindrical sac closed behind, lying doreally above 
the stomach. Anteriorly the sac splits and passes into two 
latwol ducts, the vesiculac seininales. which encircle the 
fary canal and pierce through the tissue of tiie hook-glands. 
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veeiculae pafis into a ohitin>lined vaa deferens which receives 
the contents of large baokwardly directed ejaculatory glands, 
one on each side. The vasa deferentia then traverse a cirrus 
bulb which receives on one side a cimia-sao and on the other 
a dilator-rod-sao, both of which assist in copulation. The two 
duote then unite and open by a median ventral pore a little 
posterior to the mouth. ' 

The ovary is also a median dorsal sac, which splits anteriorly 
into a right and left oviduct, which pierce the hook-gland and 
encircle the stomach and the ninth pair of nerves. The oviducts 
unite ventrally and at their point of union receive the ducts of 
two receptacula seminis or spermathecae which as a rule con-^ 
tain numerous spermatozoa. The uterus formed by the united 
oviducts is continued along the ventral surface of the bod^ as 
a coiled tube often crowded with fertilized eggs ; as many as 
half a million may be found. The uterus opens by a narrow 
vagina in the median ventral line a little in front of the anus. 

The ova undergo a considerable part of their development 
within the body of the mother. In those forms which live in 
the nasal passages, the eggs when laid leave the host with its 
nasal excretions ; but in those which inhabit the lungs, the eggs 
pass down the alimentary canal and leave the host’s body with 
the faeces. For their further development it is necessary that 
they be eaten by some other animal, and this second or larval 
host is as a rule herbivorous. The larva, which emerges when 
the egg shell is dissolved in the stomach of the second host, is 
globular with a tail and two pairs of appendages ending in hooks. 
Anteriorly is a boring apparatus of chitinous rods. By means 
of tliis armature the larva bores through the stomach walls 
and comes to rest jn some organ, often the liver. Here a C 3 r 8 t 
is formed in which it lies. It moults a few times and loses its 
limbs, but its internal organs are maturing and the annulations 
appear, arising first about the middle of the body. After a 
quiescent period of some months the larva again becomes active 
and wanders through the tissues of its second host, a proceeding 
wliioh is sometimes fatal to the latter. If the second host should 
now be eaten by a member of the first, i.e. some carnivorous 
creature, the larva makes its way into the nasal passages or 
lungs as the case may be, and after a final moult becomes adult. 

The larval form with its tw'o pairs of clawed limbs recalls the 
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Tardigradea and certain aberrant Acarines such as PljU>ptxi8, 
and the arrangement of the reproductive organs is like that of 
many Arthropoda. The other features of their anatomy and 




IruKTol is. ..OUU.; ^ ..u.U. 

gl^rwla, 

of their life-history is however so peculiar that it seems wiser 
to regard them as an appendix to, rather than an Order of, the 

Arachnida. 

Fam 1. LlnguatuUdae \vith the characters of the order. 

There are three genera. 1. Linguatvla Frohlieh with a 
flattened, turbeUarian-ehaped body, the b.«ly cavity extendn.g 
into the lateral wings which are crenelated at the edgo^ Si^ics 
have been found in a fresh water South American fislwlcora 
and are probably larvae, in the nose and trachea of Fc/is onro, 
in the throat of a Caiman, and the commonest of all L. tacmoiiUs 
in the nasal passages of dog and wolf, the for, horse, sheep, mule 
and man ; the larva of the latter has been found m the rabbit, 
hare, guinea pig, or, pig, horse and a few other ammals. 2, Por^ 
cepAofus Humboldt {PerUaetoma Rud). The body is cyhndncaJ 
wi^a more or less weU developed head. Tins genus usually 
inhabits the lungs. It occurs in large snakes, crocodili-s, 

lizards, some birds, e.g. sea-gulls, tortoises and 

of the onler Carnivora. 3. ReiffAanfm, devoid of anjla^ 

tions, transparent, with poorly develop^ loo s i 
mouth armat^e, is found in the air sacs of Bonaparte- s Gull 

ftnd in the common tom of North America. 

End of Vol. III. 
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I AOJi. 

I Ainpluv 1 720' 

I Ainpintiiue 500*. 
Ain|4iitliuMies 500- 

XmjilniliN Tils 502*. 

AniphiniM 206*. 

Arnpliizoa 726*. 
Aniplu^rirla 309. 

V mphnri*i<l<M 489*. 

Afnpnic X 768. 

Arn|ini).), .\xi,.rouN lS4. 

‘ rinoid’^ 271. Molo- 
1 liurians 2.74, of tul>e- 
aet \2*K 

\n»\ f iaea 824*. 

\ Ml v nioiM* 405*. 

Vfi.i ;raphis 822' 

An d inti rradiai C>i- 
hohIh 274b 
852- 

»oai- pir<-** Id 7. 

.Vnan? rrr H06 * 

\ll H M '• M r M 540 '. 

Vn.ij.i' 714-. 
i)"' 8-4' 

Aii,i|.|.-x t,. .,71, ot,; : 

Aii.iptii 269-. 


I .\naptcrygotn. 054. 680. 

I An.iptyvlji 687* 

I Aiiiirthriira 479. 

Ana.sn 692*. 
.4na.'»ioyiHum 852*. 
.Ana.ipidea 358*. 462, 
I HpiK-iid.-iifcs 439. CO 

phalte irroovo 43<i, 
epi|X)dite« 340, Jot 
! 344. 

Ana.**pis 734’. 

•Ana-sterias 192*. Iurvn 
141 . 

Anux <W7. 688. 

I An<'cn* 492‘. 
j .An. luiiliH 47J*, m.nn- 
dil'Ie-H 4;w. 

I Ati' liinftii 533*. 

.Aiii-liiKlnx’hfl.’v 39L 
■ .Am-horclla 409-. 

.An<-)i\lutiuTii 503’. 
-AnvIiylosM 2S3. 

^ An.-iniJ.K 489'. 

.An«lrctm 763. 7iU. 
j -Anilrnmnui 822‘. 

I .AntH-hura 666*. 

, .Anrliu^ma 423*. haliit 
1 of 419. 

I .Ani’bu.nirv'cjih.-diin 842*. 

.\iir|wia 824'. 

; -Antl.vr.n 489* licrm.t- 
1 fdiDMjil i..ni. I.S4. 

j .\iiiHafdiH 822*. 

' .AiM.o/uipi<t 819. 

-ViUHoIabiH 666. 
i .Aiiisotnorplia 670* 

I -Anis.iptcri.lut' 688*. 

I -AtikynKliTma 268*. 

I stinir ranat 2"*4. 

[ .Ann Sci. Nat. ».Anii.ile9 

Si-iorR-«*a nafur- 

I 

.Inniiliwa ;{11. 

! ti7S'. 72;l,73l*. 

VriiK haniiM 245*. 

I .Atioiiiuliuitlius 244'. 
Vii'Hii.aNM-rra 405* 
.\n<)n)al(H'riitiiIai' 294*. 
.Vtionnira 530, par.-i-'itca 
uf 491'. 491*'. |it«rry- 
u''*^‘lomi,il rc^'ioii of 
• '14. 1 ii. 

\imny\ 501 

73 S, 749. 743, 
744. ^.n.'nl 

vn-w of i.)2. irnl 924. 
Nli'i.lnhii iiio ori»!in 
llmrax itild wiint 

015. win^ t>13. 
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An<»phthalmu8 726’. 

683^ 

Aiio|»lKra 661. 

AiiortbdpNi^us 245*. 

An.*sia 711-. 

Ano^tra<^a 376. 

AntarnbuU^ral 117, 
171. 

Antrddii 1.7:1, 154. 155, 
\M\, 157, 15H, 150.272, 
274, 2K4. 280, 301A 
ati)(jt)la<Tal groove j 
271. apiral nervous 
8y«toin 2K3, hoily- 
form 272. etuaral 
27b, covering platen* 
281, (tovelupmont 152, 
l.nrva 153, (l4?vclop- 
inontul BtagoH 274, 
oral Vestibule 280. 

Antenruio <;{ ArtlirojuMls 
origin.illy postural 
liinl)s 327. 

AnUriiiae Crustacea 
344. 

Aiitcnnarius, parasite 
on 40H. 

Antonnary gland, 

Arnphipoda 407, 
('rufitacca 3.53, Cy- 
pris 361. Deiapods 
514, Ostracml.H 387, 
Copcpo<lH 308, Iho- 
]M>(Ja 483, Mjd^M'os- 
tra^M 442, Ntdialia 
450, Srlur.opods 4U8, 

Antennatu 570. 

Anterior body.eavity, 
Uolothuri.inH 254. 

Anterior cocdoin 120, 
EtddncHlerinH M4. 

Anthcluru 488*. 

Afithonca 190*. 

Anthenoidos 190*. 

Antheroi)haguH 729*. 

Anthic idae 733’. 

Anlhidium 764. 

AnthooidariK 242*. 

AnthocopUu 858’. 

Anthocoridac 094’. 

Anthomyia 761’ micro- 
pylo 640. 

Anthophora 733’, 764, 
mouth partA 020. 

Aiithoaoma 408*. 

Anthothri|ks 690'. 

Anthrapalaemun 358*. 

Anthronus 730*. 

Anthribidao 736*. 


Antbura 488*, utoevst 
4H2. 

Anldibinia 54S'. 

.\nti[>at!iaria. p jra^iti-s 
of 434, 4.35. 

Antite;:ula 740. 

Ant dike spiders 823*, 
82b ^ 

Ant lions 702*. 

Ants 770, harvest inir, 
le<af-cMitting 772, bull¬ 
dog 773, solitary 707. 

Antir<4la 30V. 

Annretes 408'. 

Amiriila, habits 057, 
prcniandibular seg- 
mjuit 321. 

Aniiroc tonus 807. 

•Anuropiis, alKiorninal 
legs 481. 

Anus of E(diinoids 200, 
210, 235. 

Aora 600*. 

Apatania 707’. 

Apiitura 712*. 

A|H»ltes 433*. 

AphaefiogK.stcr 771, 
772'. 

Aph/iniptora 662. 

Aphantof'hilus 824*. 

Aphnreus 531 

Aphelochcirus 694*. 

Aphis 699’,inet;iyelisesis 
of 330. 

A pli rod it aster 189'. 

Apical nervous system, 
Crinoids 283, function 
284. 

Apical plates, Ophb 
urids 199. 

Apical system. Asteroids 
171, compact, cion- 
gatc<I, disjunct 219, 
Crinoids 275, E4'ln- 
noids 210, Eiocyclica 
217, Uchinoderms 
121 . 

Apiliditim 34*. 

Apiocera 748*. 

Apiocrinus 298*. 

Apis 762, 763, 766, 

antenna 618, malpi- 
ghian tubes 640. 

Apijdio{«iH 84*. 

Aplopodus 406*. 

Apneusiic 632. 

Apoda 428, 717*. 

A^Kxleme 613. 

Aponomma 850*. 


.\poria 7l3‘. 

; Aporuptyrhus 819. 

Af»)*itndagas, < 
cca :f43. 

.\ppcndicularia S, 66. 

^ .\pj»endicul.iriar 00, dc 
velof^ment of !!.•. vub 
cular system of 16. 

Appi ridix jntt rna 44. 
522*. 

j Apposition image 333. 

Apseudes 477. 479. an 
leiuiae 477. 47s, 

mandible 478, m-r- 
vons system 348, 442. 

Apterypida 666’. 

Aplerypota (>54. 666. 

Aptoga.Hit*r 34‘. 

Apii.H 3b0, 371, 377. 

h\o<xi 352, br^Kkl 
]K)u^h 37b, fnuital 
sense orp in 347, 
gonads of :n5, n< r 
\^us sysU-m 372. 
parthenogenesis 37*<. 
pr<>jH)rtiun oi m 
374 

A pyre 834*. 

ArAchnida 774. >Jomiu.‘5. 
coxal glamh !i 17, 
head, prt'idieli. eran 
somites 323. 

AfaohiuopieuniH 241*. 

Arm hn^x'rinuH 295'. 

Ar^udunx'yetiM 309 

AraehhoidcA 344*, |K)rc.H 
215, 21b. 

AratdinofnvHis 471* 

Arnebnura 828*. 

ArA<iuH 692*. 

Araoosoina 240'. 

Arancae 811. 

Araoeae versa 820. 

Aranehla 811. 

I Araneua 824*. 

Aroachnia 712*. 

: Arbaria 241*, genital 
porea 210. 

ArboUdao 716* 

Arcoina 714h 

Arch.BioL •Archivaedo 
Biologic. 

Aroh. f. Mile Anat.K 
Archiv fiir mikro- 
aeopiacho Anatomie. 

Arch. ItaL Biologia •- 
Archivea italicnnao da 
Biologic. 

Archaaa 824’• 
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Archaeocidaris 280 K 
Archastor 189‘. 
Archasteriaa 188. 
Archiapiaae 763. 
Archiblatta 607*. 
Archicerebrum 320. 
Archiconchoecia 390*. 
Archidistoma 83. 
Archimantis 669*. 
Archisometrua 806*. 
Archispiroatreptus, de¬ 
velopment 589. 
Arotiidoe 718*. 

Arotopla 646*. 
Aroturidee 498*. 
Arcturus 488*. 

Arotus 685*. 

Arcys 824*. 

Argaa 840, 849*. 

Argcia 491*. 

Argilloccia 391. 

Argio|>o 823*. 
Argopatagiis 247. 
Arguitis 411, 413, limb 
344. 

Argynnis 712*. 
Argyroilc* 823*. 
Argyroncta 826*. 
Ariiulna 821*. 

Arista 739. 

Ari.staeomorpha 629*. 
.■\ri6tneopeis 626*. 
Ariflteus 629*. 
Aristocyntia 309. 
ArmadilUdium 487. 
Armadillium 482. 
Armadillo 487. 
Army-worm 719*. 
Arolium 008*. 
Arrljcnurua 851*. 

Artoma 822*. 

Artomesia 629*. 

Artemia 376, partheno- 
goneaia 373. 
Artemiopeis 876. 
Arthracantha 296*. 
Arihrobranchia 518. 
Arthropods 314, rolu- 
tion to Annelida 315, 
coelom and haemo- 
ooolo 310, heart and 
pericardium 317. foot- 
jaws, head, aegmenta- 
tion of head 318, 325. 
aoron 320, innerva¬ 
tion of antennae, an¬ 
tennae originally post- 
oral limbs 327. bmin 
320, 328, Bubocso* 
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phngeal ganglion 321, 
maxilluloe 322, table 
of hcod-scgmonts 325, 
eyes 328. function of 
compound oyca 331, 
Arachnid eyes 334, 
Myriapod eyes 329, 
origin of compound 
eye, atatocysts and 
otocyste 337, tactile 
setae chordotonnl, 
light-producing, stri- 
duialing and rcsjiiro- 
tory organs 338, 
sexes, purthcnogcncsi.s 
and cgps .330, 
polycmbryony 340. 
early disapinjarnneo of 
mcsoblastic somites, 
dcvch>pment of 

mcscntcron, regenera¬ 
tion 340, divisions 
of 341. 

Articulatii 298*. 

Arlotrogus 407*. 

Asagena 823*. 

Asanada 603*. 

Ascalaphus 703*. 

Aschipasma Ascepaa- 
ma 670*. 

Atichiza 748*. 

Ascidia 13. 27', com¬ 
mensal in 40(P. ina- 
rioni and atru 7, 
pharvnx uf 11, test 
of 20. 

Ascidiacea 25. 

Ascidiao compositoo 30. 

Ascidioo luciao 39. 

Ascidiac salpacformcs 
39. 

Ascidiao simpUccs 20. 

Ascidicola 406*. 

Ascidiidao 26. 

Asoidiozooid 41. 

Asclcra 734*. 

Ascoinyzon 407*. 

Ascoixra 30*. 

^VscorhynchuH 784. 

Ascothoracica 434. 

Asellota 487. 

Aaelliis 488*. i>enis 483, 
development 485. 

Asexual reproduction, 
Ecliiiiudcrms 133, 
Tunicata IH. 

AsiUiH 748*. 

Asplialitv 715*. 
Aspidiutus 701*. 705. 


Aspidiphorus 731*. 

AspidocUirotac 266. 

Aspidodiadema 240*. 

Aspidoocia 410*. 

Aspidophorcia 601*. 

Aspidophryxus 490*. 

Aspidosoma 188. 

Astaeilla 488*. 

Astacoidcs 536*. 

Astacoieis 536*, gills of 
518*. 

Ast^icus 536*. blood 352. 
embryo of 448, gills 
of 518*. nervous sys¬ 
tem 348. 

Astttt^v 769*. 

Astollitim 36*. 

Astcrias 173, 185, 192*. 
larva 141. luiulrepo- 
ritca 184. poliaii 
vesicles 1K.5, care of 
brood 187, stone 
canal 183. 

Astcrina 191*, develop¬ 
ment 143, hormaphru- 
dito 180, gonuiiuvts 
of, aiitotomy and re¬ 
generation 187, larvae 
141. 142. 188. meta¬ 
morphosis 140. stuiio* 
canal 1K3. 

A.Htcrnata 245. 

Astorohbistus 310. 
i Abtcroehercs 407*. 

1 AstcrudiHcus 191*. 

I .Asterodon 189*. 

• Astcroidea 166, form of 
body 107, number of 

rays UI7, antis Hi7, 

Hizo of nW. botly-wall 
109. skeletun 10!*, 
jK-ristom 170, ambilal 
Kkt ieton 171, apicol 
HvsUun 171. spincH 
1*72, paxilli 172. jietii- 
cellariao 173, scales 

173, granules 173, 
alutenco of jicdiccl- 
lari.io 173, musclos 

174, nervous system 
174. eyo 175, alimcn- 
tjiry canal 170, meson- 
tcrics 177, coelom 178, 
papulae 179, peri- 
haemal upoces 179, 
axial sinus IKO, 
aboral sinus 181, 
wntervascular system 
181, madreiwrito 182, 
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stone oanal 183, nnm* 
her of mJuirci>orilea 
184, axial organ, 
ViiscMilar Bybtein, 

gijnads 180, care of [ 
brood, habits 187, 
extinct forms lK8i 
fixation of 149- 
Aateropsis 191*. 
AHliTOjKHlH 241*. 

Am henos o m a 2 4 0 *» 

sfaiiCM 228. 

Astigmata 851 ^ 
A.strobufins 842*. 
A^^troccra8 207*. 
AKlrochcle 207*. 
Asirochema 207*. 
Astnxdon 207*. 
A:HtrcK’nida 207*. 
A>«lr(Krrinii9 313. 
AstrogompIniH 207*. 
Astrogoniiim 190*. 
Astrunyx 207*. 
AHlro|>cctcn 189% larva 
141, no podicellnriae 
173, potean vcvsu'Ich 
185, Btonc«canal 183. 
Aatrophis 206^ 
Aslrophiura 207*. 
Astrophyton 207 
pcdicellariae of 100. 
A9tro[>orjja 207*. 
A^tropyga 241*. 
AHtrotoma 207*. 

Astyra 601 *. 

Asymmetry 390*. 
Asymmetry of Verru- 
cidae 42tl*. 

AUx 843, 861*. 
Atelocrinus 301*. 
Atelecyclui 549. 
Atelopsalis 861^ 

Atemelota 667*. 

Athalia 758. 

Alhanai 582*. 

Athelgce 491 
Athelguo 491 ^ 

Athelgos 461^ 

Athcrix 746*. 

Alraclidos 851 *. 
Atraetosoma 593*. 

Atrial cavity 12. 
Atroi>os 678*. 

AtU 772^ 

Attociis 714*. 

AttuM SM*. 

Aturus 861*. 

Atya 582*. 

Aiyaephyra 588*. 


Atylus 501 ^ 

Atyoida 532*. 

AtypoidcH 820*. 

Atypus 820*, coxal 
glands 817. 

Auditory organ, Insccta 
635. 

Augaptilud 406*, sexes 
399. 

Aulacus 761. 

Auricle Eichinoids 228, 
Balanoglossidu 87, 
pluteus 140. 

Auricularia 137. 138. 

Austromysis 471*. 

Austro-Peripatus 576. 

Avitodcrmophily 121. 

A utotomy Asteroids 187, 
Balanoglossida 100. 

Avicularia 811, 819. 

Axial organ 130, 234, 
development 146, 
Asteroids 186, Cri- 
noids 287, Holo- 
thurisns 265, Ophiu- 
rids 202. 

Axial sinus Asteroids 
180, development 145, 
Ec hinoderms 128, 
Echinoids 231. 

Axillary primibrach 277. 

Axio|iei8 638*. 

Axius 023, 538*. 

Axonopsis 850*. 


Balanus 425’, body of 
4IH, excretory organs 

421, fertilization of 

422, larvae of 414, 
parasite of 491*. 

Barana 784. 

Bargcna 850’. 

Barnacles “ Balanus. 
Barrandoocrinus 296*. 
Barrus 833. 

, Barybrotea 489*. 
Barychelus 819. 
Barycrinus 295*. 

Basal plaWs Echino- 
derms 121, Crinoids 
275. 

Biusanistes 409*. 

Biiscmcnt membrane 
Balanoglo5.sida 91, 
connective and skele¬ 
tal tissues 91. 

1 B.'usilar plato 595. 
IbuHipodito 344. 

Hates 501*. 

Bath vac tis, parasite of 

I 43i 

• Bathybiaster 189*. 

; Bathycrinua 29U, 300*. 
j opical nervous sys¬ 
tem 283. 

Buthycuma 478. 

• Ibkthyhcrpyatikea 267*. 
Bathynoftea 648*. 
Bathynella 468. 

j Bntbynomus 489*. Rills 
of 441, pleopoda of 


Bnbyc\jrua 806*. i 

Bacillus 070*. 670* | 

Back-swimmcra 005. 

Bacteria 670*. 

Hiu-tridium 670*. 

Bacillus 408*. I 

Bocunculufl 670*. j 

I Bftcrocrinua 294*. 

Bairdia 891. fossil 358, ; 
gastric mill 301, gut i 
380. ! 

Balnnidoc, thcll of 410. 
Balanocrinus 80*■ 
Balnnugloaaida 07, 88. i 
BalanoglossuB OH, 73, I 
102. branchial porca 
77. gonad* 06, ova 
(15, bnbiU 100, neural 
canal 73, nerve-rooU 
73, notochord 75. 
proboacis 82, 83, pro* 
boacis pore 84, peri¬ 
cardium 87. 


482. 

Bathyoncus 28*. 29*, 

pharynx of 11. 2G. 

Bathyphantoa 828*. 

Bathyplax 647*. 

Bathyplolcs 267*. 

Bathyporciii 601*. 

Batocrinua 296*. 

Bdclla 861*. 

Bdcllorhynchus 862*. 

Bochc do Mor 204. 

Bod-bug 004*. 

Bodeguar gall 758. 

Boe-bread 702. 

Booties -C'-olcoptcra. 

Booties, blai'k- 007 *, 
sound-producing 723, 
wingless 727, sruallcst 
728*. of anU 727'. of 
beavers 727*. mice 
and humblc-b«*»727*, 
ants* iu-s»ts 728*, 
thatch 728*. uf rajic. 
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crops 729^, of wasp- 
and humblc-bce nesta 
720, 734*, of mould 
720*, ants’-nost.s 73U‘, 
of fungi 730‘, 731», of I 
ccHara, of hairs, of 
skins 730*, timber, 
biscuits, furniture, 
books. compressed 
meat 731*. wood 732‘ 
bce-nertU 733*. peas 
and beans 735*, as¬ 
pen, turnip, corn, 
aspnragiiH, potatoes 
735*. beneath bark 
73»1‘. 

Beotio-mites 848. 

Belemnoeriniilae 294*. 

Belinurus 795. 

Belisarius 807. 

Belostoma 695*. 

Bembex 751*. 789*. 

Bombidium 726*. 

Benthaator 192*. 

Benthcocaris 631*. 

Benthvsicymus 529*. ' 
gills of SIO*. 

Bentheuphaueia 471* 

Bonthodytes 267*. eggs 
134, stouc-canal 254. ' 

Benthogone 207*. 

Bonthuthnria 267. 

Burtruna 824' 

Befvti<lao 69 

Bibio 746*. 

Bigea 538*. 

Bill. Svonnka Akad. 
HdJidl. — Konigla 
Sronska Votenskajw- 
Aka<lemicns Hand- 
lingar. 

Biol. Centra Ibl. - 

Biologisches Zentral- 
blatt. 

Bipinnaria 137. 141. 

fixation of 141*. 

Biramous limb Crus- i 
tocea 343, in other ; 
than Crustjicea 344. 

Birgua 540', respiration 
of 520. 

Bisorial brachiala 278. 

Bitoma 729*. 

Bittacomorpha 746*. 

Bitioeus 705. 708. , 

Bivium 118, CYinoids 
272, Holothuriana 
240. 

Blabcra 067*. 


Blabophanes 720*. 
BlakiiLster 189*. 
Hlaniulus 593*. 

Bi.apiiea 667*. 
Bl.i.^toidea 310. 
BIii.st<iid<)-orinus 310. 
Bbkstophaga 760. 
Blastojiore. fate of in 
EehiiKxierms 130. 
BlostozoUe 4H. 

Blatta (ifi4, 667*, mouth 
parts 019. 
Blochroseelis 822*. 
Blepharipoda 542*. 
Blepharocera 743*. 

Blias 409*. 

Blisaus 692*. 
Blister-beetle 733*. 
Blood, Balanogiossid.a 
92, Chilopoda 598, 
Crustacea 352. In- 
aecta 628, red in 
Mytdicola, Lernan- 
thropu.s 498. !«cor- 
pions 803, Tuniuata 
17. 

Bhnxl.worm 628. 
nii)-»!<ia 832. 

Blow fly 752*. 
Blue-bottle 752*. 

Blues (butterllii-jt) 713. 
Bohemura 205. 

Bohmia 784. 

Boletia 242*. 

Boll-worm 710*. 

Bolienia 28*. pharynx 
of 11, stalk of 20. 
Bolyphantes 823*. 
Bombus 764. 

BombyUua 747*. 

Bombyx 714*. 

Bomis 824*. 

Bomoloehus 407*. 

Bont-tiek 850*. 

Book-lieo <>78*. 
Book-acorpion 836. 
Bop>Tina 491*. 
Bopyroidoa 491*. 
Bopyriis 490, 491*, larva 
480. 

Borborus 760*. 
Boreomyeia 472. 
Borcophau.sin 471*. 
Borcua 705. 706. 

Bosmina 381*. 
Boatrichidac 731*. 
Boatriehobrnnehus 30*. 
Botaehu.<f 406*. 

Bot-fiies 752*. 


Bothriocidaris 238, iu* 
terambulaeral plates 
211 . 

Botliriiirua 807. 

Botriopygn.s 245*. 

Botrylloidcs 32'. 

Botryilo|>hilu.'< 406*. 

Botryllua 0. 8, 31. 32*. 

Bourgueticrinus 300'. 

Brachiala Crinoids 277, 

27 ^ 

Rrachiellrt 409*. 

Hniohiolaria 141. 

305. 

Braclu.itostornu.^ 807. 

Bra<*hybothniim 820K 
Bnicliycora 746. 

Hrachytli“smu» 594*. 

Bi-aehy]>auropuH 582. 

Bfiu'hyiKxla 850*. 

Brachvtiicle 819. 

% 

Bni**hyura 542*» pnra* 
rtitc.H of 491, ptery- 
gc'feiitoinia) region of 
614, 515, rc«(piration 
of 520. 

Braoonidao 700. 

Br;u t 370. 

Brahmaea 714^ 

Brain Arthropoda 32S. 

Bramdiia m cpip^xlitr 
401. 

Branohia^ MalaoMfrara 
440, 441. 

Branchial jrrnovc 09. 

Branrhiul Kkcleion 

Bahvnogloi^siila 77* 92. 

Bramdiinivta S76, pns- 
U^ri or unienmiT of 376. 

Branchiopoda 367. eyes, 
olfactory papillae, 
frontal organ 372. 
attachment of 372. 
vaacular and excre¬ 
tory organs, respira¬ 
tion, reprodiietinn 
373 ; Ufe-history 374. 
habits 376« 

Branchiofisiliis 376. 

Branchiuc^fegite 619*. 

Branchi|>od<)|>ai.s 876. 

l^runchipus 376» cleav¬ 
age 370, cyo of 329, 
330, heart 30], max* 
iliac 300, posterior 
antennaoof 376,retin- 
ular cells 330, sense 
orean^ 372. va.sculur 
eyatem 352* 
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Braiichiur.i 410. 

I^raiulh.i 501 ^ 
Hrdiisolinae 7l2'. 
lirauia 753. 

Hrcc/o-tiy 747 ^ 
Brt'nthidac 735^. 

Hre>jlia 531 ^ 

Brov idtollium 86^ 
lU'^ynia 246^ 

Brick rcxl ^^lands 703. 
Urimntoncs (butiorllies) 
7 13. 

l^ri inya 193, stone rannl 
M3. 

Brisiiigiustcr 193. 

Brlfwopsin 246*, bIu' 11 
214, f^hell* plates 220. 
I(ri^su.s 246^, 6i|>hon 
230. 

l^risilc'tails 667 
lirittle^Stars 205. 

Broo^l |>oucht Schizo- 
468. 

r»roteas 807. 
Broteochaftaa 807. 
Brui’hua 736'. 
iirutomysis 471*. 
Bruzf'lia 501 
Bryobja 850*. 

Burcinum, .\l< ippe in 
bhvll of 427* 
Hucranium 824*. 
Biniding of 'ruiiiciita 
IS, 34. 

jluffaloc flieH 7 M»'. 

BtigH OlXl. .sMii'll of tiUl, 

-'liinch-, ]ni'V’ 002. 
waUT' »i03, ou 

ttwallows, iK'ils. 
HtrawlHTrrios, *• u r • 
rants, 

604, rncalv- 701. 

Bull. Oue«t Franro 

<le la 

KocieU* <k'H Sru 
naturellvs Bo l*<>uchl 
*lo la Ffunri*. 

BunBonbai'Ina 205. 
Buprestiiine 732*. 
Bii()r<ifus 406^. 
lkirni*t«motb 716*. 
liuthcobiH 806'. 
liiiUiuH 806*. 

Butlerflu^ 70H, 711. 
Byblis 501*. 

BvrrhuH 731 *. 

Bytlnx uris 633*. 
Bythocyprjb 391 


Bythorj th<Tc 392. 
BvlhotrcjBu'S 381 *. 

i ^tbi^O]^s 490*. 

Ca/ tochnus 296*, ialv\ 
277. 

('addifl'tlies 706. 
('a<lopbore 35. 

C’ai*ctilus 850*. 

( aerojbtris 824*. 
(’acsaroniYKis 471*. 

I (.’ake-urrhin 243. 
i (‘alaniistruin 8) 3. 

('.I I a niuc ri n us 298*. 

I ('.<ilanc)la» motanauplius 
401. 

(*.ilano]iia 405*. 

( aJanus 404, 4Ht)*, head 
3U5 

(\ilappa 544*. 
Cilatlujcrutus 842* 
(\ilathura, 488-, para¬ 
sitic of. 433*. 

CaU art ous plates E<'hin* 
iMltTfllH 110. 

("alceor rijii<liiv 294*. 
(’akcoli 406. 

(Vil< inu^ 540'. 

I (’.ih*pl*T> \ 688*. di'Ve- 
\ lopjnvnl 
\ ('alieurgus 768. 

' < Illlgcfia 408*. 

I i 408'. 

{'.kligt) 712*. 

! 407*. 

(\iligijs 407*. 

(’ulint^c 408* 

(.’alliiiiiassa t)38*. )m ra¬ 
ni Uc nf 433*. 

('allianidea 538*. 

< *aUja5t*T 190'. 
(’iilhrrinus 297. 

I ( alli<lcrma 190'. 

I ('aUidulidae 717', 

; (*allii;enia 718*. 

I (\ilbinuntis 669'. ' 

, ('alliineninae 073^. 

<^illiiik:*rus 501*. 

I < '.illiojK' 501 *. 

' t'slllOpHJS tiJilulM 400. 

{ 'alik]ilt<ira 762*. 

('.illiiMjs 593*. 

I i *nllirhipis 732*. 

; ralhNoiir: 501*. 
j (yst il<'< 309. 
('allomyia 749*. 

( fihM alanuH, 404. f* Jiiale 
300. 

Cnl^x'aris 538*, 


i .ilomniata 820*. 

( .vlHpt^niis liTl*. 672^ 
r.d«'trrnM.-s Osii, 

G83'. 

t . Iv * , n 192*. 

TiKmi t 240% 

i'kU. 1-tii 191 

• 

('alvmriie !0u\ 

< .ilvinn*' 246*. 

( ' ii vU ' uf >:|- 

pula .VK 

i'rilyptopi.s 47^X 

[ <'iilyptrasur 192*. 

( alyptrrttao 751 *. 
i *aly[»tron 75| *. 

<'alyi'OovtT 27u, 27v^ 

i 'aRiarioijN 824*. 

( ambal.i 593*. 
i 'anibanjH 536*. 

t'ambrid^jea 
t anuTata 295- 
(*.wMeroKtMinr 7S7. 
i ' I inpe* n|K‘a 489*. 

( i»5M. nVi, pro- 

^ niandibul ir )jni« nt 
321. 

< 'am|HwliMf*'riii larva ♦»,'><> 
^ ' \ rii|wsh7< 503* 

j (’ 1 nk|M>ijotus 77^* 771. 
i ifkjI f•ibrtM'lir 694* 
i I in ph»oen*us 381 *. 

I ( ;uii}*tniuMira 75l 
I ( itMpyla.'^piH 477. 

I .»iiipykM liiruH 852*. 

^ * Ukalioulikta 298*. 

* i'.KUivr 548*. K'lk of 

I 51S*, 

* { 'juuTiccjK)n 491 ^ 
i (‘aiKTion 491 *. 

i (' iiuWa* 405*. 

! i ‘.uitlona 391. 

(\innstrinju 852*. 

('antlniridiia' 733' 
(’anthucamptki« 405^. 
C'ripurjuia 852*. 

Capheira 267*. 

('apitubnn H44', of !»• 

piifl 111). 

(’aj>obaP'S 850* 

('jipoiua 821 *. 

('a|M>niria 821*. 

j PvripaMis 575. 

; i 'apH'lla 5M'. 

(’aprcllina 604*. 

('a)iHidao 694*. 
('ariilMW'rinus 295. pnro- 
I rbom>M 3^9. 

t * iraluK'tonuH 807. 

* CuraluMkc 848*. 
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Cariiboidcu 726. 

Cnrabus 726*, aiitcnmi 
018, gut 020, leg 021. 
Cnrapoco CVustacca 343. 
Caratomue 246*. 
Careinus 510, 548*, par¬ 
asite on 401*. 
C'nrdioster 246* 
Cardinal-boctlc 734. 
Cardioblaats 047. 
Cardisoma 647*. 

Care of brood Asteroids 
187, Branchiopoda 374, 
Phyllopoda 375, Crus¬ 
tacea 367, Eohinoids 
234, Echinoderms 134, 
Holothurians 204, 
Ophiurids 203. 

Candca 681, epistome of 
514, mandible of 521*, 
development of 440, 
parasite on 401*. 
Caridina 632*. 

CaridioD 688*. 

Carina of Lepos 410. 
Carinalia 171. 

Carp-lice 410, 413. 
Carpet-moth 747*. 
Carpets (moths) 718*. 
Carpocrinus 296*. 
C!ari>og)yp))U8 864*. 
Carrion-beetles 727*. 
Carteria 701*. 
CarterocophaluB 718*. 
Caryocrinus 308, 309. 
Caapiocuma 477. 
C^assidina 489*. 

('ossidulus 246*. 

Costnia 714*. 

Catagius 811. 

(’aterpillar 710. 
CatiHocrinidao 294*. 
(Tatometopa 646*. 
CatophrogmuR 426*. 
C’atopyguH 245*. 

Caudal fork I^eptoetroca 
458. 

Caudina 268*. 

Cecidomyta 642, 700. 

Cecroin 408*. 

Cclacnia 824*. 

Coil of wing 014. 

Cclyphus 749*. 

Cenobita 640*. 

Centipedes -Chilopoda. 
Central of Echinoids 
210 . 

Central plate Echino- 
derras 121. 


Ccntrodorsul of Criiioids 
157, 270. 

Centrolceithal 340. 
Centromochotes 807. 
Centropages 405*. 
Centroetoplianus 241*, 
spines 220. 

Centrurus 806*. 
Cophalito 505. 
Cephiilocooma 672*. 
C^phalodiscida 104. 
Cephnlodiscus 07, 104. 
Cephatothorax (.'rus* 
toeca 343. 

Cephous 848*. 

Cephas 767. 

Cepon 491*. 
Ccrambycidiio 735*. 
Ceramiiis 767. 

CerapuH 600*. 

Ccrarachno 824*. 
Cerataspis 629*. 
Ceratiocaridae 459. 
Cku-atiocaris 858*. 
Ceratitis 760*. 
Ccratocampiduo 714*. 
Ccratocombidao 693*. 
(k>ratolopis 472. 
Ceratopogoii 746*. 
Ceratothoa 489*. 

Cerceis 489*. 

Cerccris 769*. 

Corei annles, 010, 023. 
CercophoniiiH 807. 
CVrcopidoo 697*. 

Cerco|>od fllo, 023. 
Cercops 604*. 

C^resa 697*. 

Coriodaphnia 381*. 
Cormatobius 603*. eyes 
50.5. 

Ceroma 833. 

Coroplastes 701*. 

Ceroys 070*. 

Ccrura 716*. 

Cervieak gland Bron- 
chio|H>da 372. 

Cervical groove 512. 
Cetacea panwites of 425^ 
Cetonia 708. 726*. 

Chactaa 807. 

C‘hacrapH 636*. 

Chacrihw 806* 

C'hactaRter 191*. 

Chactilia 488*. 

Chactolc|»a.R 423*. 
ChaetojH-lma 819. 

Chafers 725*. 

Chalaraspis 472. 


1 ('lial.intMlyliK 476. 

! Chab i.iidae 760. 

('Imicoliiinpni 667*. 

' Chalieodi»n):i 764. 

• Clinllenger 639*. 
i < 'liam:u«iplio 425*. 
j Chambered organ 2K8. 

I Charnuia 806'. 

: Chamiiis 811. 

: Charon 810*. 

I ClniropinuR 409*. 

' (liarylHliN 648*. 

; Chnuliotlcs 702*. 

I Chedimii 822*. 
CheeNc.|iiit4t« 847. K.‘i4*. 
(-’liccse-nkipiMT 75<l*. ■ 
('lieitnatt>biii 70!». 
Cheirjister 189'. 
(‘heli«-enic innerval i<iii 
of .324. 

Chelidnra 666'. 

Chclifor 83.5, 836. 
t'helifera 477. 

('heli|KHlH .522. 
CheloetoniiH 806*. 
Chelonoliia 425*. 

Cheliira 600'. 
Chelyosnma, 27*. 
Chcriiu's 689*. hetero- 
gnmy 040. 

C*licrnrs, K.3.5, 886. 

I ('lirrnetidia 838. 

! ChcvrenliuK, 27*. 
Choyletiis 851*. 

(3iigot* 003. 

Cbilarla 78.5, 781). seg¬ 
mental n.atnro of 323 
Cbilio-PcripaliiM 676. 
Chiloceras 852*. 

1 C'hiiognntha 692. 
Chilopoda 594. 
Chinch-bug 092*. 
Chionoorctra 646*. 
Chimcantliiiim 824*. 
j Chiridiiim 836. 

, {-'hiridiiis 406*. 
j Chiridota 269*. care of 
I brood 134, spiruk'ts 

j 250. oviposition 204, 

I . fossils of 204. 
j Chiroeephalus 870, blood 
352, leg of 370. 
CbirxKliscas 862*. 
Cliironomus 741, 746*, 
blood of 028. nervous 
system 0.34. 

Cbirnplateu 539*. 
(3iiro.Mtylus 541*. 
Ciiitonantor 190*. 
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('iiitoiii.<(-iis 670^. 

< 'lilortn-lirua 697‘. 
Clilorops 750*. 
(■|»lorut<x-iis 532-. 
ChcMTtx-ampa 715*. 

<'lumdr.vanthus 409*. 

«!cvclo|)mcnt 401.403. 
('iuin<lr(M-lac.a 269*. 

< 'hoiKlroid tiivsiK- Haluno- 

^lu.s.'tida H(k 01. 

(’liondrostiu'li \ s 33. 
Clu/iK-i.liilus 406*. 

< 'liMUostom:! 410*. 

('lioimiH'ltis 413. 

('lionK'iitiia 593 
(■|»()r«ti>tu!ial organs 3'W, 
(;30. 

('horiiistor 191 
('lioridclla 511. 

('Imriimis 545*. 

^ ('liori<tplca 852*. Hr>3. 

('lioi'iMmiis 533*. 

(‘liotisoiu-iira 667*. 

('liorizoc'orimis 37*. 

«'iKirtoglyphiis 854*. 

('lirotnatopliorcH f'riis- 
ta<-cu 443. 

(’Iirvualin 710. In.Hwta 
030. 

('11^^8 701.762. 

<'liryii«>molidur 735*. 
CliryHopa 704*. 
('liryKOpolomiduc 710*. 
C'lithamaliiH 425*. 

(’)it tioiiiiH 836. 
CliunomyBiH 471*. 
Chydonis 381*. 

Cliylifir v«-iitricdc- 020. 
Cicadn 696. 

Cicindida 726'. 

Cidaris 239*. gt-iiital 
pnrrs 210, Hpinoa 
2.35. 

<’idaro»da 239. 

('idarop <is 240*. 

(-•ilix 717*. 

Crnifx 694*. 
t’ioidat; 731 • 

C’lonu 3, 5, n. 7. 2(5=. 27*. 
anuloiiiy of 3, pharynx 
of 11. egg 4»f ll», 
epi'-jirdiuni of 10. 22, 
g<»nadn of IH. 
CionohrinBUH 246*. 
(’ir«-iiialium 34*. 
f'ircopcltin 240*. 
f'jrolana 489*. 

Cirri Ciinohls 271, Cirri* 

l»«di*« 120. 


Cirri|*cdia 413. larvae 
of 415. shell of 4iy, 
anatomy of 420. fer¬ 
tilisation of 422. Iiahi(.>i 
of 422, geological h; 
tory of 423. 

Cirrlf>e<lia (jenuina 423. 
Cis 731*. 

Cistelidae 733‘,>. 
Cithacri.as 712*. 
Cithaeron 822*. 
Citheronia 714*. 

Cjxius 097*. 

CIa<lo«era 377, males 
I and hermaphrodites 
j 370. h.abits .3«1. 
Cla<lomurphus 670. 

(‘ladonotus 672*. 
(■|a<lojihiunu' 207. 
f'hin]KTa 023. 

('lnHsi(i<-.ilion of Colcoji* 
ter.i 724. 

Clau-via 405*. 

(‘lau.HiK-aliinus 405*. 
Oaviliim 0. S. .30. 37, 
38*. etiiliryo of 21, 

23, epii-anlium of 1.5, 
22, mc‘anu)!phosi-s «.f 

24. 

Clavella 408*. 

Claviger 728*. 
ri.ividac 220. 

Ch-anliH 488*. 

CIrar-vvingM 715*. 
Cledet)hia 720*. 

Clegg 747*. 

(■"leptert 762. 

Cleridac 732. 

Clilmnariu.H 540*. 
Clirh-WelleH 732*. 
CltBtosaeeus 433*. 
ClituTiunis 670. 

Clo.oh ORo. 686. 

Clone Htitun' 282. 

Cloteniu 784. 

Clothes-moth 720*. 
ClolhillH 077*. 678*. 

( 3ul>iona 824. * 
f'lyiMvister 244*, «hell 
213, ra^liid ve.«selH 
210, petaloid itmhula- 
cruin and i»orc8 215. 
api'‘al Byntem and 
genital o|>c'ningB 2IH. 

Cly|>ca8t roidu 243. 

CIvfteUK 245*. of iDHCCt 
010 . 

Clyp'>*^‘f>'''<'’‘** 490*. 
(3yteinnc-Mlra 405*. 


, Cnaemidophoi iiN 720 . 

I Ciu-niida>l«T I91-. 
Ciieniido' o|iti « 852'. 
Cncmidotus 726-. 
Cnethoeanip-i 7I4'. 
CocLinella 730*. 

(.'oe<-us 701 

Coe)(ineal-in-<<eef 70|', 
Coekclnifer 72.')*. mak 
gon.td 030. 

Cockroai li (iOT*. Hiiu !i 

(i()7*. 

C’o< ytia 715*. 

Codaster 311. 313. 
Co<lei-hinus 241'. 
C«xiio]>sis 241 
('oelastcrias 191*. 

Coeliac can.il 28.3. 
Coelot-t>rimis 30-. 36-. 
Coelorn .Arthropful.i :II7, 
A.'>(<-ri»i<|s 178. ( n- 

iinid.« 28.'>. Kcluni)- 
•h riii' 12'!, hi.'<t()ry of 
knoult'ilgc of in iv In. 
iKxlenu' 12'!. tic, . 

lopllH'Ilt of ill ]•' I 
<lerms 1-13. 1,111. ro. 

plM'll>t .1 0>>. Ml. {I ,.|o. 

thiinans 2''-n. Dpluo- 
nd.H 200. 'I'linKala 
14. 

Coelopleuru.s 24l*. 

('oclotes 825*. 

Coenohila livtr 442. 
Btridid'iting nppara- 
tu.s 351. 

C<K->ioin via 746*. 

(V'eii. iivmiiha 712*. 
Colella 32. 33. 

(’i)h'opfera 722, elasKi- 
deal ion of 724. 
Cnleopt^-ropliQgiis 852*. 
Colias 713*. 

Collar eoelom Ilnlniio. 

glossida 87. porea 88. 
Collemliola 655. 
l^olletea 763. 

Colliini. Dif)1o|Kxla 581. 
tJollyritea 246', apical 
syntem of 21ft. 
Colobocontrotas 242*. 
CololKx-cms 851*. 
Colobognatha 594*. 
CoIoboplcuniH 603*. 
Coloehirus, 269*, sole of 
24U. 

t'olon 020. 

ColoiR'a 822*. 
Colorudo-bcetlc 735*. 
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Colosscndcis 784» anus 
783. 

Coipastor 193. 

C<>lydiidae 729*. 
Comatula 301S para¬ 
site of 400** 

Ck>mpiemental males 422 
Compound eye 329, ori¬ 
gin of 337, func¬ 
tion of 331, homo¬ 
logous with appen¬ 
dages 349. 

Compt.Bcnd. — Comptes 
ren/^ itt de TAcodamio 
des Sciences. 
Coneboderma 423*, shell 
of 410. 

Conohoccia 390*. 
C<>ncholepaa 428'. 
O4\i*hof»traca 377. 
C<»ncordia 633'. 
C'ongn-lVripntu.'A 574. 
Conilvra 489'. 

Coni opt eryeu lac 704*. 
Coniopt'^ryx 705'. 
CV»n«x*ephaliime 673*. 
ConorlyiMjtis 243*. 
Conocriniis 300* 
f.^onolainpsM 245*. 
Coni>ps 749*. 

ConorhinuH 693*. 
Cnnothelc 819. 

Constanliit 501 *. 
Oopelala 60. 
Cop<.*ognatha 678. 
Coix*poda 392, anatomy 
307. phosphorescence 
397, generative opi*n- 
ingH 303, npjH*ndagcs 
3tU, neziial dinu>r- 
phksm 308, eggs ami 
development 300. 
Copilia 407'. male OPS, 
feinalt' .300. 
Copiorliora 673*. 
ropinpt<rYX 714*. 
Coi*pim ■92*. 

( r -Ophynni 241 
Cuptosoma 241 *. 
C-^rrtllana 480'. 
CoraDiot'ari*’^ 533*. 
Corals, oara-i^* - I'L t 
CorduU-;iv^tor 638. 
CorduUinae 688 ^ 
C*'rdylcuriduo 751 
Cordyloorinu?^ 296 '. 
Coreid*\c 692*. 

Oorella 27 *. 

Corethra 744. 


Coriarochne 824*♦ 
Corinna 825*. 

Corixa 695*. 
CormocephaUis 603'. 
Comeagen cells 320. 
Corona of Echinoids 209 
Coron aster 192** 
Coronida 611. 

Coronis 611. 

Coronula 425*. 
Corophiina 500. 
Corophium 600*. 
Corrodentia 677'. 
Corj'cacuH 407'. 

Corydali!^ 702'. 

Cnry<li ^ 66 / 

Corylopiiidac 728*. 
Corymboe'rinus 297. 
Corynascidia 27*. 
(.\*>rvnothrix 656, 667. 
(.‘orynura 405*. 
('oryphaona 529*. 

1 Corystes 549, respira¬ 
tion of 62t). 

Corythuca 692 
CoBcinoiitcrius 192*. 
Cix^cinoocra 714'. 
(‘oamaslorias 192*. 
t'osnictidao 842'. 
CV>sri\op. ^coemopi'litan 
Cossus 716*. 

(*usta 614, 
i Co«ital 277. 

(*o(talciia 24i 
1 Cotton-spinners 259. 
t Cotton-stainer C92*. 

Cot ton-worm 719'. 
Cotylodermn 803. 
Covering plates Crinoids 
281. 

Coxal glands 317, Ara^'h- 
nida 778, Chilopfxlu 
597, Scorpions 803, 
Spiders 816. 
('oxnpoditc 343. 

Crab’s eyes 352. 

< ‘rab spiders 824'. 

(Vabs edible 64H', ehocc, 
1 velvet 548*, hermit, 

I soldier 639*. spider 

645 *, warty 546 *, 
(iulfHcod, of \V. 
T mangrove 

!•« iV|0*. bind 547, 

ddifr 5 to’, santl 542, 
>4 Inch dro.*^** 544*. 
t r.ibro 769-. 
t.’rainbiw 720*. 

Crane (lie.H 745 


I eVangoD 634', gills of 
518*, supraoeeopha- 
goal development of 
323, zoaca 451. 

Crangonyx 501*, habits 
499. 

Crangopeis 868*. 

* Craspedosoma 693'. 

I Craspidoster 189*. 

Cralerostigmus 603*. 

I Cratippus 500*. 

, Crayfishes 530 *,develo{>- 
inent of 450. 

Oociacus 694'. 

Oi-miLSter 711'. 
i ’rens ia 425*. 

t’ribcUatao 820. 

Cribellum 813, 814. 

< Vi breUa 192*, larva 
141, no petlicellariae 
173, stonc-canal 183. 

I Cribriform organs 189*. 

^ Cfu kets 674', on the 
» heart li 675'. 

' iiuoidea 270, calyx-co- 
vcr. attachment, pin- 
‘ nulo3 270, anus, cirri, 

anibularral grooves, 
lube-fcct, tentacles, 

I orienlatiun 271, sym- 

inetry 273, calyx, 
apical sy^tem 275, 
skeleton of arms 277, 
pinnules 278, calyx- 
rover 279, stem 282, 
nervous system 283, 
sen.^e orgaiiS 281, ali- 
mentary canal, coc- 
i lorn 285, porihacmal 

\ spaces, watcrvaacular 

j system 280, axial or¬ 

gan, vascular system 
287, sacculi, gonads, 
genital rachis 288, 
regeneration, number 
of radii, habila 289, 
parasite* 290, goo- 
logical history 273, 
200. affinities 290,201, 
development 152. 

CricK^eris 786*. 

Cromyocrinus 295. 

Crossaaler 192*. 

Croiisophorus 390'. 

Crotalocrinus 295, meso- 
Btoreom 309. 

Croton-bug 667*. 

Crural glands, Peripatui 
563, 
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Cnirogens 488*. 

Crust.occA 342, he.Kl, 
thorax, abdomen 342, 
Bomites 323. cci»hHlo- 
thorax 343, dorsal 
shield, carapace, shell, 
ehell gland, hy- 
postoma 343, upjwr 
and lower lip appen¬ 
dages, biramous limb 

343, hood appendages 

344, shell gland 345, 
thoracic ap[>endages 
340, nervoua eystem, 
frontal sense organ, 
unpaired eye 347, 
paired eya os limb 
349, otocysts 359, 
BtriduUting appara¬ 
tus 351, alimentary 
canal 351, blood, vas¬ 
cular system 352, gills, 
excretory organs 353, 
gonads 354, herma¬ 
phrodite 354, sperma- 
lophorcs 355, sexual 
iliniorphism 355, lar¬ 
val histories of 35.5. 
care of eggs and brood 
357, geological his¬ 
tory 358, caridoid 
typo of 358. 

Crypsidronius 819. 

(Vyptastor 192‘. 

('ryptocelis 837. 

Cryptocerata 694*. 

Cr)rptoceruH 772*. 

Cryptocheles 583‘. 

Cryptochirus 647*. 

Cryptofope 479. 

CryptodcHniuH 694‘. 

Cryptognathus 861*. 

Cryptolithodcs 641*. 

Cryptoniscus 483‘, 490*, 
larva 486, 4H7. 

CrypWphogus 729*. 

Cryptophialuri 428’, seg¬ 
ments of 420*. 

Cryptopodus 406*. 

Crypto|is 602*, eyes 
695. 

CryptopuB 629‘. 

CryptoKoma 644*. 

Crypto8ten,ma 837. 

Cryptustigmata 848‘. 

Cryptothelc 822‘. 

Cryjitothir 490*. 

Cryptozonia 191'. 

Crystalline oone 320. 


Ctenaster 192*. 

Ctonicclla 30*. 

Cteniccra antenna CI8. 

Cteniza 819. 

C’teuocalanus 405*. 

Ctenocrinus 297. 

Ctenodi.scus 189*. 

Ctenus 825*. 

Cuckoo-spit 097*. 

Cucujidae 729*. 

Cuculligcra 672*. 

" CucuHus” 836. 

Cucumaria 268*, 269, 
hssion 263, genital 
papilla 262, oviposi- 
tion 264, {wrihuetnal 
canal 2<K>, tentacles 
248. 

Culcita 174. 191 *, rays 
of 107. form of body 
108. skin 169, stone* 
canal 183. 

Culcohi.s 28*, 29*. meta¬ 
morphosis of 25, phar¬ 
ynx of II, 26, stalk of 
2<5. 

f.’iilex 743*. 74.5*. mouth 

piirfs »i20. 

(hilieocriuus 296*. 

Cuma 476. 

Cuinacca 472, parasite 
of 410*. 

Cumella 477. 

('umu|>sis 476. 

Cupii>es 603*. 

Cuprcssocrinxw 293*. 

Curculionidne 736*. 

Cursorea 666. 

Cuvicrian orgau.s 2.59. 

Oyamus 504*. 

Cynthidiurn 303. 

Cyathocerus 731 *. 

CynthocriiiuM 294. 295', 
madrejMjrite 287. 

Cyathozooid 41. 

Cyathura 488*. 

Cybaeodas 822*. 

Cybister 726*. 

Cycethra 191 *. 

Cyclaspis 476. 

Cycluspoidc.H 476. 

CycJesthoria 877. 

('yclwoMiiia 819. 

Cyolodcsnuis 693*. 

f'y<-lonu*topa 648*. 

Cycloiuyariii 64. 

Cyclojw 406*. gonml of 
3.54, female 393, nmx- 
illi[)ed 394*. appen- 


da 2 e< 394. ni.inilibi •• 
396, niaxili.x' 3'.'”. 
feet 397, iml.itiior- 
phosi.s of 4<M>. 
Cyclop«ina 406’. 

824*. 

Cycloealpa 53. 
Cydosphaeromu 359’. 
Cycnus 408*. 

C’ydrela 822*. 

CyUdrus 732*. 
Cylindri>.lcs 674*. 
CylindrolebiTis 390*. 
Cylindrotoma 746*. 
Cylisticus 487. 

Cyllopus 503*. 
Cymatopliora 7lS*. 
C'ymb.'u'b.i 824*. 
('ymbacremaeii.s 848‘. 
CymodtKf 489'. 
Cymop«)lia 548‘. 
Cymoihoa 489*. herma¬ 
phroditism 484, deve¬ 
lopment 485. 

Cvnipidae 768. 

Oynips 073'. 

Cynthia 6, 29‘, villoso, 
pharynx of 11. 
Cyphagogus 736*. 
Cyphiocrinus 296*. 
Cyphocaris 601*. 
Cyphophthulmus 841. 
Cyphosoiiia 241*. 
Cyprideis 391. 

Cypridina 385. 390'. 
489*. abdomen 383, 
eggs 388. 

Cypris 382, 380, 389. 
391, abdomen 383, 
absence of males in 
339. blood 352. ex¬ 
cretory organs of 301, 
gut 386, maxillae of 
369. 

Cyjiris slag© of Oirripe- 
(lia 415. 

Cyproidea 501*. 
('yproiiisous 489*. 

('yrt.iraehiu' 824*. 
Cyrtnuehenius 819. 
Cyrtocarenum 819. 
Cyrtomaiu 646*. 
Cyrtophium 600*. 
Cyrtophora 823*. 
Cyrtophyllus 673*. 
Cystaster 304. 310. 
(^ysUM-hinus 246*. 

Cyst id stage -Crinuid 
158. 
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Cysi idea 304. ' 

Cystin^a 28 ^. 
(.'ystoblaatuB 809. 
Cyktodites 33. 

(^yatosoma 499, 508*. * 

Cythere 891. abdomen 
383, foaeil 358. 
Cyth«reis 891. 

Cytherella 392. 

C'ytheretta 891. 
Cytherideis 881. 

C^herotB 892. 

Cytheroma 891. 
C^theroptoron 891. 
Cytherupa 891. 

Cytolichua 851*. 


Durtylcrythrops 471*. 
Diiftvlopus 406*. 
Druldy-long loizs 745*. 
Ootlocrinua 301'. 

DfU‘^ia 832. 

DiWniSOS*. 

Dnjuii 490*. 
l)«linunitc.<i 3r*2. 305. 
Dnm.iius' 848*. 

Damoi!?tili llica UH8. 
Di'.nion 810*. 

iJaimia 601*. 
l>ii.'iia 7H*. 
i)iinrili.'i 490*. .«»perma. 

to7.i>a of 3.74. j 

Danako l>ul. .‘^Isk. ^ 
Skrift — Det Kongc- | 
Hgo DAiiske Vinens- 
kabomo.H Selskaba 
Skrifter. ^ 

T)aj>hm'il.i 381 *. 
iMpbhi i 372. 378. 380. 
38t». ';ud antoniiary 
ganchon :\2X 2nd 
antonuary ncuromero 
347. blood 352, t'piuo- 
diU* 371. 

Darwiniila 892. 

DoAcillidae 732^ 

Podycbira 710V 
Da8ylobu8 842 V ' j 

Daaypoda 768. . 

Dasypoeonm 668V ! 

Day • blind Insc^ tt* 383. 
Do^deaf butt«rlly 712. I 
Death's Hoad Moth I 
715V 

Death-watch 078. 723. ( 
731V 


Decapoda 611. 

Deckoniti 548 V 
Decticus 673V 
Dcilephiia 715V 
Deima 200. 267^. 
Deltocephalus 697V 
Deltoids of Blaatoids 
311, Crinoids 279, 
Demi-platc 211. 
Demodex 844. 854V 
Demolous 408V 
Dendochirotac 268^. 
Dendrobrnnehiae 519 V 
Dendrocystis 309. 
Dendroda 29’. 
Dendrogaster 435. 
Dendrolcon 703V 
Dental papillae Ophi- 
urids 197. 
Dcoudulinao 763. 
Dercothoo 500*. 
Dermacarua 854’. 
Dermac entor 860^. 
DcrmanyasiiH 848’. 
Dermaptera OWi*. 
Dormasteriaa 191V 
Dermatium 854V 
Dermatodiadema 240’. 
Dcrmalunis 541V 
Drrmeatea 730’. 
Dernioplyphua 352’. 
Dorodoniui^ 731V 
T)croj>eltis 667’. 

DeaiB 825V 
Dcamidocrinut* 296’. 
Desmodoma 488V 
Deto 487. 

Doutocercbnjir 321, 
033. 

Dcutovumof mito5846V 
Development of Crus¬ 
tacea 355, Echiiio- 
derma 133, embryonic 
and larval in Bnine 
species 449. Mala- 
costraca 4-10. Tuni- 
catt\ 19. 

Devil’s coach-horsee 
728V 

DoxAiiiinc 501V 
Dexia 751V 
Diactor 692V 
Diadoriia 241V 
Diadeinjitoida 239. 

Diaca 824’- 
DialithcK-idari.^^ 241’. 
Diiphoropus 532’. 
Diaptonxus, eggs of 4<>0. 
Diaatylis 473, 474, 476. 


DiostyloideA 47& 
1)iastyIo|iais 476. 
Diazona 38V 
Dichclofcpis 423V 
Dichelrathium 408V 
Dichelia 720V 
Dichocrinus 296V 
Dicranodromia 543. 
Dicranolasma 842V 
Dictyna 820V 
ITictyoplcuniH 241V 
1 Dictyoptervx 677V 
I DicycKo 276. 
Didomnoidcs^ 36 V 
Didemnum 35. 36’, gilb 
slits of 10. 

Dieta824V ^ 
Dimerorrinns 290’. 
Dimorphism of Cirri- 
podos 422. sexual of 
Crust^icra 355, sexual 
of Iso}K>da. 4H0^ 4 h 7. 
of male Tana is 479. 
Dinomatura 408V 

Dinorhax 832. 

Diocus 409’. 

Diogenes 540V 
j Dtopsidi^ 751’. 

I Diphaacon 859. 

I Diplaaterbxa 192’^ enre *4 
I brood IK7. 

! Dipleurula larva 
' Diplocentrus 806V 
Diplootdaris 239’. 
Diplodoma 720V 
'Diplodontus 8S0V 
Diplbnyohus 696V 
DiplopOda 582. 
Dipio|KKlla 241’. 
Dipleporo 307. 

1 )iplo|>orida 309. 

[ Diploptora 667 V 668’ 

I 77tU 
1 Di]>lo6oma 36V 
Diplosomoidcs 36V 
Diplostichuns 336. 
Diplotagma 241V 
Diplothicanthus 244V 
Diplum 819. 

Dipoonn 823’.^ 
Dijxsocoris 683V 
Diptora 738. 

Disasterina 191’. 
Di^*.*oarachne 784. 
Discoidea 24SV 
Discothera 668’. 

Disseta 406 V 
Distaplia 32. 33. 
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Distichul 277. 

Distomu 33. gill slita of 

10 . 

Distomidac, cpicar- 
dium 15. 

Dithvrocaris 358*. 
bixa 745'. 

Dolchinia 60. 
DolichoderLnao 77.2. 
Dolichoglosaus 07, 69, 
78. 06. 07, 103*. 

branchial pore 77, 
gill. slita, collar 69, 
nerve cord 72, nerve- 
"root 73, ova 05, 
development 96. 
habita 100, odour and 
colour 100, proboacU 
pores 84, peripharyn¬ 
geal cavities 87, mus¬ 
cles Ol. 

Poliehopid.vo 748*. 
Dolichoptcrus 798. 
Doliolida 64. dcvelop- 
numt of 56. 

Dollulum W. 55, 56, 57, 
58. 59. W, budding of 
57, development' of 
19. 

Ooliomalus 824*. 
iJoliwtcnuH 594‘. 
Doloinedes 852*. ‘U- 

coons of Hl9. 
iJolophones 824‘. 
l)olo|t.s 413. 

Donnsa 408*. 

Dorccurt 820*. 

Doriciir-ola 407*. 

Dorippe 644*. 

Doris, pjir.osilc of 407‘. 
bor'jfiduriM 239*. 
Dorodotes 582*. 
DorbpygiiH 406*. 

Dorsal lamina 9. 

Dorsal organ I'JO, Arn- 
pliipo4bi '19K. 

D<..rsal fdiicl'l C rustiM ea 
9 19. 

Dorsal (iilaTcle, 5, of 
>iiilpida -47. 

Dorsoccnlrul of C'rinoids 
157. 276. 

Doi>as'«-ntral plate ( ri- 
iioiclK 121. 

I )orsolat«r.ila 171. 
fjoryecra 749*. 
Dor><Tim»H 290'’. 
Dorylus 773. 

Dorypbora 736*. 


Dotilla 547*. 

Doyetia 857, 859. 
Dragon-flies 686. 

Drakes 686. 

Drassodes. 822'. 

Drepana 717*. 
Drepaneptcryx 704*. 
Drepanopus 405*. 
Drepanosiphum 699*. 
Drepanothrni 881*. 
Dressenis 820*. 

Dromia 648. 

Drone 765. 

Drosophila'760*, micro- 
pyle 640. 

Drymusa 821*. 
Dryomyzidao 750'. 
Dryopc 500*. 

Dulichia 600*. 

Duug-Hies 750. 

Duns 686. 

Duplorbis 433*. 

Dycladia 716*. 
Dynomene 648. 

Dysoster 246*. 

Dysdera 811. 821*. 
Dysdcrcu-s 662*. 
Dysgamua 408*. 
Dy.spontiiis 407*. 
Dytiisier 189*. 

Dyti.scus. 762*. larva, 
ocellus of 929, leg 
021, ovary 698. 


Jviriaa 718*. 

Karwigs 
Ivedysis 91 • 5 . 

ItlehemuM 822*. 

EchcTus 409*. 

E<. bidn6ccrus 541*. 
Pichiiianlbiis 245*. 
lCrliiu.ira«lv'iu.s 244*,- 

pores 215 . 

D' hlna-ster 1*^1. 192 , 

KtoOc canal 183, no 
|H-ilicellariac 173, 
inadroiiorltert of 18-i, 
parasite of 49.,. 
.KcbuiliM:oi<les 869. 

K< buii!«'U(» K.56,857,869. 
I-:, binobrissus 345*. 
Jv-Jiiios'Hrdiuin 246*. 

K> liicKX'aris 358*. 

K< liitioeidariH 241*. 
lv'bino< «in»is 245'. 
f-^'liiiHieorys 246'. 
tkliinocrepis 247. 


Ev-!iinoey»mus 243*. 
l>ores 215, niadre- 
|K>nte 232. 
E<rhinocyphn8 241*. 
h<-hinocystit«s 238. 
Kchinodermata 116, his¬ 
tory 115, symmetry 

116, position of anus 

117, radii 117, sur¬ 
faces 117, number of 
radii 118, water-pores 
andmadreporites 118, 
127 increase of ra<iii 
during growth 119, 
enumeration of radii 
1 ] 9, calcareous plates 
119, pedicellariae 121, 
skeletal plates 12), 
alimentary canal 123, 
nervous system 123, 
sense organs 125, 
muscles 126. coelom 

126 . primary waier- 
poro 127, 130. mud- 
rciKirite 127. |K-ri- 
risceral cavity 127, 
amooboeytos 127, 
axial sinus 128, peri- 
li.iemal spaci-i and 
Binus system, wat¬ 
er-vascular systini 

128. anU'rior coelom 

129, number of water- 

pores 130, axial or¬ 
gan 130,excrcuon 191. 
v.wular aystoni 131. 
gonads 191. gcncni- 
tivoniobis 192,bobit.s 
132. 139. lirnt H]*|>ear- 
nnee 139, regenera¬ 
tion 139. a.KCXUiil re¬ 
production 199, de- 
vclopniont 199. i l.is 
sibciition 193. e in' 
of brood 134. iiie-''eii- 
chyino l3o, ova l-tt, 
larval moutli and anu.-^ 
136. larvae J37, deve¬ 
lopment of o«H-U>m 
142. »'f stone canal 

145. of |MTibiieliial 
Bystcin 14.5, of aborul 
Bimi.-i l-l-'i. 14»i. of 

axial organs I M>. of 
primitive germ vcUh 
116. of general ivo 

r.ti hiH 116 . tix.ilion of 

larval .\»tcroi«iH 1 t'l, 
.Vutedou develop- 
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mcnt 152. fixation of 
larval Antodon 154, 
affinities 100 , asym* 
motries 102 . 
Echinodiscus 244^. 
Echino oncHnus 309. 
Echinoidea 208, shell 

208, ambitus, position 
of onus, endocyclica 

209 , apical system 

210 , genital pores 210 , 
ambulacral plates, in- 
terambulaoral plates, 

211 , marginal plates 

212 , exocyclica 212 , 
symmetry 213, mouth 

213, petals and pores 

214, marsupia, phyl- 
Ipdcs.floecellc plastron 
216, labrum. sternum, 
Innulae, water - pore 
and genital plate 218, 
genital openings 219, 
apical system of Exo¬ 
cyclica 217, 219, Lo¬ 
vell’s law 219. pe<li- 
ccUahae 221 . pedi- 
collariao function 224, 
spines 226, fascicles 


220 , splmeridia, lan¬ 
tern of Aristotle 227, 
perignathic girdle 
228, aboral sinus, 
sphaeridia 227. skin, 
nervous system 228, 
sense organs 229, hotly 
wall 229, alimentary 
ciinn). coelom 230. 
water vascular system 
231. perihaemal 

system, gills axial 
sinus 2 ;n. oral tube 
feet 233, vascular 
system 2 .W, axial 
organ, goaj.da, eggs 

234, care of brood, 
larva, regeneration, 
habits 234, affinities 

235, position of anus 
235, gcoloeical hisMry 
230, classification 238, 
Geological history of 
Elchin'^iflea, 23<». 

Echinoi' levclopnicnt 
150. 


rk’hinolaitipas '243*. 
Eel loinotr,! 242*. 
K«'hinoncu.-< 245*. 
Ecbinopcdina 241*. 


j Echinophthirius 662- 
I Echinoplax 546*. 

^ Echinopiutous 234. 

I Ecliinepsis 241'. 
Echinosoma 240'. 
Ecliinosphacra 307, 308. 
309. 

Echinostrephus 242*. 
Echinothrix 241*. 
Ekliinothuria 240'. 
Echinozoa 303. 

Echinus 140, 143, 232, 
242', genital pores 
210 ,apicai s^’stom 211 , 
larva 140. 

I Echthrogaleuft 408*. 
Eciton 772. 773. 

Ecpolu-s 850*. 
Ecribellatae 821*. 
^tatostifta 820*. 
Ectcinoscidia 38*. 
Ectinosoma 405*. 
Ectobia 667*. 
I'>t’obranchinta 239-240 
Ectoneiiral 123. 
Ectotrophi 058. 

Edotia 488*. 

Edrionstcr 310. 
Edrioasterida 310. 
Edriopbthalmata 400*. 
Egg of ants 771. -Arthro- 
poda 339, £('hin 6 ids. 
234. Tunicata 19. 

Eggar moth 717*. 

Egidia 501'. 

Eiconaxius 638*. 
Eisothi-stos 488*. 
Klacacrinus 312. 
Klaeoblast 51, of Dolio- 
Uim 57, cf Pyrosoma 
43*. 

Eiaphocaria stage 529*. 
Elasipodidae 267*. 
Elasmonotus 642*. 

Elstor, antenna 618. 
Elatcridae 732* 

Elelcis 822*. 
Elcuthcrocrious 311 
313. 

Elcuthcrozoa 303, 
Elm.-beetle 730*. 

Elminius 425*. 

ElpMia 267*. stone- 
i-anul 254. 

Elyti-atiU. o 
Elvtrophora 408* 

Kinbta 683*. 
Eniliidopwotjii.-i 678', 
Embiidno 683. 


Embioptera 683. 
Empcriir-iimth 714'. 
Empidae 748*. 
Empodium 621, 713*, 
740. 

Empusa 669*. 
Enallagma 688 *. 
Epnllooriuus 295. 
Encentridophorua 850*. 
Enchenopa 697*. 

Encopo si44*. 

I Encrinostcriac 188. 

; Encrinua 298*, apical 
nervea 284. 

Encyrtus, oviiKwition 
and embryonic fissiou 
G41. 

Endeia 784. 

Endite 344. 

I Endobranch'ata 239*. 
Endocj-clica 208. 
Endomychidae 730*. 
Endoneural 123. 
Endopodite 344. 
Endopterygota 655. 701. 
Endostemum Limulus 
310. 

En^ostyle 8 , develop¬ 
ment of 22 . 

Endromis 718’. 
Eneopterinao 675*. 
Engneus 536*. 

Enn,'(chia 720*. 

Enoicycla 707*. 
Enoplometopus 536*. 
Entcrococl 143. 
Enterocola 406*. 
Enterognathus 406*. 
Entcropneiista 66 . coe¬ 
lom 60, 80. 87, 89, 
affinities 67, 100*. 

classification'67, skin 
09 , nervous system 
70, alimentary canal 
74, notochord 75, 85 . 
branchial organs 76. 
central complex of 
proboscis 84, heart 80. 
muscles 00 ; connect¬ 
ive tissues 91, vas¬ 
cular system 92, go- 
nad.a 93, ova 95, 
development 95, hab- 
it.s H> 0 , odour 100 , 
p.irasites 101 , rela¬ 
tion of gonads to 
coelom, chordalc fea- 
tdres 101 , segmenta¬ 
tion loi, variability 
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102, regeneration 100, 
relation to Pboronia 
114, 

ICniilia 897*. 

ErUioiic 491*. 

Entocolax 263. 

Eiil'X-oiiclia 203. 

ICntoino.slroca 359» geo* 
lo^ieul history of 361. 

Ento!ii?»ciiH 491*. 

EntosU*rnitc Arachnida 
77H, Liniulus 7H0, 
Scorpions SM2. 

Entotrophi 058. 

Entovalva 20.3. 

EnypniiuHtes 267*. 

Eo<lia<i€ina 241*. 

Eoliilicola 407*. 

Eoluididae 206*. 

Eo-Peripatuft 574. 

Kophiura 205. 

EoacorpiuK 806*. 

EpochthcH 408*. 

Epaulettes of Pluteua 
140. 

Ei>e<?tris 821*. 

Ejm iru 823*, 824*, (Ara- 
neus) 813, 814, Hlt>. 

Epliemera 084, C80, 680. 
larva 031. ^ 

Ephenu*ridac* 683*. 

EphcineropUTft 683*. 

Kphip|Hg(*rii 673*. 

£|>iiip[»iuin 357, Cla<lo* 
cera 381. 

Ephydatia 7(U*. 

Ephydri<lui' 750*. 

Kphyrina 531'^. 

Epiae^idjna 688*. 

Epibrunc liiul groove 8, 
7H. 

Rpihranchial Htroak Pa* 
laiioglusHidii 78. 

Epicardium 15, 18, de* 
vcloprnent of 22. 

Epic arid ea 489. 

EpiohnopUTyx 716*. 

Kpico{*eia 719*. 

Kpicraiiiuin 010. 

KpidanuH 842^ 

KpidcrinnptcH 854*. 

Kpigyno Kl4. 

Kpilumpra 667*. 

EpifiiiTiii 501 *. 

EpiineriU* of An»i»hi- 
|>otla 405. 

Kpimeron cif i 010 , 
013. 

Epiiiiorpha 048. 


Epimorphosis 602. 
Epinepheic 712*. 
Epineural canal, Echi- 
no<Iermd 124. 
Epipharynx, Insect 611. 
Epiplcmidae 719*. 
EpipoditcA Malacostraca 
439, of Decapod gills 
518, of Syncarida 401. 
Episinus 8^*. 
Epi.stcreom 306, 
p^pistemum 013, Insect 
010 . 

I^pistomo of Decai>oda 
514. 

Kpistroma 226. - 

Epitrimeriis 855*. 
Epizygal 283. 

Pvpuraca 729*. 

Erebia 712‘. 

Eremiaphila 008*, 689. 
EremobaU^s 833. 

Eresus 820 
ErguKilina 408*. 
ErguJiilus 407*. 

ErgasticiiH 545*# 

P>gyne 491*. 

Ericerus 701*. 

Kriv lisouia 488*. 
Erichthina stage 529*. 
p^richthus 50H*. 

P>igone 823*. 

p>icx'ephala 721*i** 
p>i(X‘beir 546*. 

Plriodun 819. 
p>iogasler 717*. 
p>iophyc.H 855*, 844. 
Kripniii 548*. 
EriHO(TiiMi.s 295. 
p>iHta!i« 749*. anol fca- 
piratiun 033. 
P'rniine-inolh 71H** 

P>o 824*. 
p'rotyli<lae 730*. 
ICriK'iform larva 050. 
p>yci!iidae 712*. 

P:ryoii 534*. 

Ery throneurii 697*. 
p>ylhro|si 471*, para¬ 
site tif 410*. 
Ei*chut<K*cphslus 860*. 
pyslherijt 377, fcMwil 3*>8. 

Kt linudysiuii 217. 

P'lliiiMildirmtl 217. 
Klhuna 544*. 

I'hjapta 269*. 
I'aianudinida 798. 
P2iiust<*riuc 189. 
EucalaJiU'^ 404. 


P'ucalypiocrinus 297- 
PCu**ant}iuM 407*. 

P>u^ arida 455*. 

Eucurus 848*. 

Eni hacta 405*. 

I Euchaetoinera 471*. 

1 Euohirelia 405*. 

I Enchloe 713*. 

! Eucladia 206*. 
Eucoelium 36*. 
Euconchoecia 390*. 
EucojKrfxxJa 404. 
Eucopia 472. 

Eucficus 296*. 
Eiicyphidea 53l. 
Eiicystis 309. 

Eucythere 391. 
Euoytlierura 392. 
Eu<la4‘tylina 408*. 
Eudeeicrinus 301*. 
PhidiocrinuM 301*. 
Euilorella 476. 
p'udorcIloi^iB 478. 

Eik\ hinoidea 239. 
Eueifle.s 712*. 

PJugaster 205. 
Eugeitiacrinus 301*. 
PvUgyra 30*. 

Eukocneiiia H27, 829. 

I P^ulais 850*. 

' P^uliina 2tl3*. 
Eulitntiadia 377. 
Pajmal^u'o.'^triica 459. 
Pamioucs 766. 

Eumetor 490*. 
Euiiiinuda 541 *. 
Euneognathia 492*. 
Eunephrups 635*. 
Eupagurus 539. 540*, 
larvae 451, clbs't i>f 
parasitic uri tIO. 
P'upaUj.s 851*. 
liupalagUH 246*. 
Eupatru 851 *. 

Ku Incite 406*. 

Phiphaca 688*. 

Pviiphau.sia 471 *, 40.5, 
400, nauphiis eye 407, 
developmcal 4i*9, 470, 
nrf vous Bys< eni 348, 
iji.tndihlc.H 43H, nc»r- 
V4MIH system J12, liu • 
Vrtc 4 19, nanphiiif470. 
Pluidironide.'^ 267*. 
Eii|ihvlax 548*. 
p:iiplc< tcUa pnnunto of 

53 P. 

K 4(iIctopteru VAW\ 

Eupodea 851*. 
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Euprognatha 545*. 

Eupronoe 602*. 

EupealU 786^ 

£upt4^rotidae 714*. 

SupjrguB 268*. 

Euryala<« 207. 

Euryalo 207*. 

Euryceroud 381*. 

Eurycopo 488*. 

Eurydice 489*. 

Eurydium 8^. 

Eurynomo 646*. 

Euryopi^ 823*. 

EurypauropuB 682. 

Eurypelma 819. 

Euryphorus 408*. 

Eurypterida 796. 

EurypteruB 798. 

Euryte 406*. 

Eurytanoe 601*. 

EuBcelua 502*. 

EuscorpiuB 807. 

Eueimonia 838. 

EueiruB 501*. 

Eutermes 683*. 

Euterpe 405*. 

Euthemon 206*. 

Eutyphis 502*. 

Evadno 381*. 

Evania 761. 

Evochinua 242*. 

Eviaueration Holothu- 
nans 203, Crinoids 
289. 

Excretion Elchioodorms 
131. 

Excretory organs Maln- 
coetraca 437, 442. 

ExofthocentruB S^‘. 

Exito 344. 

Exooyclica 208. 212. 

Exopodite 344. 

Kxoptorygota 654. 664. 

Extracri'ius 801*. 

Eyes of Amphipoda 490, 
Arachnida 779. Arth- 
ropoda, structure 328, 
function 331. Asto- 
roidfl 176, Chilopodrt 
596, Diplopodn 583, 
Echinoderms 126, In- 
Bocta 635, Umulus 
787, 790, Peripatua 
569, Salpida 47, deep* 
ueu Schizopods 407, 
spiders 812. 

i » fossil. 

FalcuUfer 862*. 


Faorina 246*. 

Foaciolca ^20.' ^ 

Fat bodies, Insocta 020.' 
Feccnia 820*. 
Feltria851*. . 

Female not male orna¬ 
mented 390. 

Ferdina 191*. 
Fertilisation of Cirri- 
pedes 422. 

Fibularia 243*, pores 
215. 

Field-crickct 674*. 
Ficraster 203. 

Fig-ineects VCd. 

Filaria 744. 

Fi.'istftta 821*. 

Fire flies 338, 732*. 
Firlreo sawfty 758. 
Fission Holothuriuns 
203, Ophiurids 204. 
Fistulata 293*. 

Fixed bracltial 278. 
Flabellifera 488*. 
Fltbellum 370. 

Flagellum 739, of Dcca- 
p^ gills 618. 

Flea, Jigger 063. 
Floxibilia 297. 

Flies 739*. 

Flosoello 210. 

Fly, He^ian 042, gall 
producing 742, wheat, 
fungu8 742*, of mahiria 
fever 745, vellow fover 
744, aiithraX'Onrricr 
747*, of oorpot-moth 
747.beo-liko 747*. 749, 
parasitio in Hemip* 
tera and bees 749*.*, 

I cheese, wheat, urinals, 
eider presses, carrots, 
fruit trees 750, with 
parasitic larvae, of 
sores 751*,houfie752'. 
of stomach and hair 
of horses, skin of 
cattle 752. 
fiuH • fathoms. 

Folia 65. 

Follicular mange 854*. 

Foranuna ropugnatoria 
587. 

Forbe.sclla 29*. 
Forbesiocrinus 298*. 
Forest Fly 763. 

Forfioula 604, 666. oviirv 
038. ^ 

Formica 770, 771. 


Formicina 828*. 
Fossorcs 767. 

Fr. w. —fresh water. 
Frogarium 34*. 
Fragoroidc-s 34*. 

Free brachial 278. 
Frenulum 616, 709. 
Freyana 852*. 

Frevcila 193, size 168. 
Frit-fly 750*. 

Fntillaria 02, 65. 
Frog-hoppers 097*. 
Frog-spit 697*. 

Fromia 191*. 

Frontal organ Branchio- 
podii 372. 

Frontipoda 850*. 
Fruit-flies 750*. 

Fulgora 697. 

I Fulgoridnc 696. 

I Fulvius 694'*. 

Fumea 716*. 

Fnngulua 28*. pharynx 
of II. 26. 

Fungus-gnat 742*. 
Fungua-niidgc 742*. 
Fuaulao 814. 

Fusus. AJcippe in shell 
of 427*. 

Gad-fly 747*. 

Gaetanus 405*. 
Galocanthn 542*. 
Galathea 642', para-sitc 
on 401*. 8}>crmutozoa 
of 625. 

Galathodee 642*. 

Galea 619. 834. 

! Oalcodes 830. 831. 832. 
Galeropygus 243*. 
Galgutus 694*. 

Gall-flies 758. 
Gall-midges 742*. 
Gall-mites 856. 

Gamaster 30*. 

Gamasus 848*. 
Gammarocanthus 501*. 
Oamroarolla 601*. 
Ganimarina 500. 
Gamniaropsis 600*. 
Gammorus 493, 494, 

495, 496, 601*, cleav¬ 
age o* 498, habits 
499. 

Gampsonyx 368*, 402, 
463. 

Gancria 191*. 
t langliopiii) 408* 

Gar«,. • I 692*. 
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Garypna 886. 

Gosocaris 858*. 

Gastcracantha 824^. 

Gastcrocoma 284*. 

GastcniptioD 761. 

Gastraater 192*. 

Gutrodes 406*. 

Qaatrophilua 752*. 

Gaatroeaccus 471*. 

Qaatrozooids Doliolum 
58. 

Gauthieria 241*. 

Gea 823* 

Gebia 486, ]arvao 451, 
parasites of 433*. 

Gebicula 638*. 

Gecarcinucua 647*. 

GecarcLnua 547*. 

Gecarcoidca 547*. 

Gelanor 824*. 

Gelasimua 547*, para* 
site on 491*. 

Gemmation of Salpida 
62,'Doliolum 57. 

Gona of Insect 611. 

Gonoe Triiobito 36.3. 

Generative rachis Echi* 
nodcrms 132, devc. 
lopment in Ekhino- 
dorms 146. 

Gcnicopatagus 246*. 

Genital ojteningM Echi- 
noids 210, 8|>atun- 
golds and Cly{>eiis- 
troids 219. 

Genital plates Echinoida 
122, 210, Ophiurids 

197. 


Genital pleurae Halano- 
gloMsidn 95. 

Genital rachis Crinoids 
283, Holotburians262. 
Genital stolon Crinoids 
159, 287. 

Qenn^os 520*. 
Geological history Ara* 
chnida 780, Crustnrea 
358, Echinoidca, 230. 
Entomostroco 361. 
HolothuriunH 204. 
Geometers 718*. 
Ooometra 719*. 
Geomyzidoe 750*. 
OeophiluB 602', oviducts 
GOO, ovifKMitioii 001. 
Oooryssus 781*. 
Qeosvapheiirinnc 668*. 
Oeotrupen 848*. 

Gephyra 8M*. 


GephjTOcrinus 302*, ba* 
sals 276. 

Geralinura 809. 

Gerardia 434*. 

Gervaisia 592. 
GiboccIIum 841. 
Gigantionc 401*. 
Gigontocypris 389. 390*. 
Gigimiostraca 785. 

Gill of S.'ilpida 47, 
Echinoida 231. 
Gill-slits Balanoglossida 
76, Tunicata 9. 
Gipsy-moth 718*. 
Gissocrinus 295*. 

OiUna 501*. 

Glabella Trilobita 362. 
Glandiccps 78, 103*. 

chondroid tissue 86, 
gonads 94, 95, noto¬ 
chord 75, gill-slits 
78, siphonal tube 79. 
Glandula 29*. 

Glanduloe odoriferae 

587. 

Gl.'iss-CVab 450. 
Olobiferous 223. 
Globulus 581. 

Glojopotes 408*. 
Glomeris 692, intestine 
.Wli, gonad 688. larva 
590, mandible .583. 
Olnssina 751, 752*. 
Glcn^obalunus 70, 71. 72 

70, 85. 80. 103*. 

branchial region 76, 
habits 100, nerve cord 

71, 72, neural canal 

72, nerve roots 73. 
notochord 75. pro¬ 
boscis pores 84, |>ro- 
boscis ekeh-Um 86. 
pericardium 87. 

Glo.'Mobius 489*. 
Glossophorum 34*. 
Glow-worms 732*. 
Gluphisia 715*. 

Gluvia 832. 

Gluviopsis 833. 

Glycora 601*. 
Glycyphagus 864*. 
Glyphoerangon 534*. 
Glyphocyphus 241*. 
Glyptuster 296*. 
Glyptechinus 242*. 
Gly]>ticuH 240*. 
Glyptocrunium 824*. 
Glyptocrinus 297. 
Glyptogona 824*. 


Glyptonotus 488*. 
Gmogala 821*. 
Gnaphiscos 850*. 
Gnaphosa 822*. 

Gnat 739, 743*, 744*. 
Gnatbastcr 189*. 190*. 
Gnathia 492*. 
Gnathochilarium 583. 
Gnathophansia 465, 4C8 
472, cephalic groove 
436, epipodite 440, 
cephalic shield 613, 
habits 470. 
Gnathophyllum 534*. 
Gnolus 824*. 

Gnosippu.s 832. 
Gnostidao 728*. 
Goat-moth 716*. 

Goesia 500*. 

Golden*eyo flics 704*. 
Gorophocorus 672*. 
Gom]ihus 688*. 

Gonad development of 
in Echinoderms 146. 
Gonads Asteroids 180. 
Balanoglossida93,Oi' 
noids 288, Crustacea 

354. -Echinoderms 131, 
»hinoids 234, Holo- 
thurians 202, Opliiu- 
rids 203. 

Gonaducal lino Balnno- 
gloasida 94. 

Gona<iuct? Crustacc.a 

355. 

Gonei)tcryx 713*. 
Gougylus CtW*. 669*. 
Goniikstcr 190*. 
Gonibregmatus 602. 
Goniocyfiri.s 391. 
Goniodciphys 406*. 
(loniodcs 661. 
Goniodiscus 190*. 
Goniopecten 189*. 
Goniupneustes 242*. 
Goniopygus 240*. geni¬ 
tal pores 2iO. 
GonoblosU of Salpida 
GO. 

Gonodax'tyhis 611. 
Gono|>lax 547*. 
Goiior.ooid tU>. 
(lOnylcpluH 842*. 
GoodHiria 37*. 
tioo.'-clKTry wiwfly 758. 
(Jorgon-lwuds 207*. 
{turgonofcphalus 207*. 
GuaHuiiier f<|iiJerB H23* 
GoSSi'ii 500*. 


•t . 
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Gout-fly 760». 

Grabhamia 746*. 

Grummechinus 242^. 

Gmnaatcr 191*. 

Granatocrinus 31^ 

Granules 173. 

Grapsicopon 491*. 

Grapeion 491'. 

Grapsus 546*. 

Grasshoppers 670*, 072*, 
green 673*. 

Graya 501'. 

Grayling 712'. 

Green-gland 524. 

Groon-pea plant lotiee 
009'. 

Gribble 489'. 

Gromphadorhina 668'. 

(trosphus 806'. 

Ground-beetle 726*, 
726‘. 

Growth of termites on 
adult instar 670. 

Grvllacrinae 673*. 

Gryllidae 673*. 

Gryllotalpa 674*, leg 
621. 

Gryllua 674*. 

Guorinia 502'. 

Guettardocrinus 298*. 

Gula of Insect 611. 

Gunentophorus 406*. 

Gyaa 842*. 

Gygo 485. 491*, larva 
480. 

Gylipims 833. 

Gymnasteriaa 191', 
stone-canal 183. 

Gymnechinua 242*. 

Itymnobriainga 193. 

Gymnocerata 692*. 

Gj’mnocjTitiB 30*. 

Gymnodiatiema 241*. 

Gynmolopaa 423*. 

Gymnolophu.H 208*. 

Gymnopbiura 206*. 

Gymnoplea ,393*, 404. 

Gyrinus 727*, nervous 
system 634. 

Gyroiwltis 413. 

Gyropus 661. 

Habits Balanoglossida 
100, Branchiopoda 
376, Crinoids 289. 
Echinoderms 132, 
Echinoids 234. Holo- 
thurians 262, Pbyllo- 
poda 376. 


Hadcna 719'. 
Hadogencs 806*. 
Hadrotarsus 821*. 
Hodraroidcs 807. 
Hadrurua 807. 
Haemalastor 850*. 
Haemaphygalis 850'. 
Haematomyzus 662. 
Haemobaphes 409*. 
Haejnocera 406*. 
Haemocoelo Artfaropoda 
316. Tunicata 14. 
Hnemooyanin 362. 
Hactera 712*. 

Hahnia 825*. 

Haimea 245*. 

Halocorus 851*. 

HaUas 718*. 

Halicroion 501'. 

Holictus 763. 
Haliophasma 488*. 
Haliotus, parasites of 
428*. 

Haliplus 726*. 

Haliporus 529'. 
Halixodcs 861*. 
Halobates 693*. 
Holocypris 390*. 
Halteres 613, 739. 
Haltica 736*. 

Hannonia 784. 
Hnpalecaroinus 647*. 
Hapalugaster 541*. 
Hapalomantis 669*. 
Haplocheira 600*. 
Haplocop© 479'. 
Haplocrinus 293', calyx, 
orals 270. 

Huplodactyla 268*. 
Haplexips 601*. 
Haploporo 307. 
Hnplopus 670*. 
Haploatylus 471*. 
Harmocrinus 297. 
Harpactos 821*. 
Harpacticus 406*. 
Harpalus 720*. 

Harpoasa 821*. 

Harpax 008*. 669*. 
Harpes 363. 

Harponyx 489*. 
Harrimunia 103*, me- 
senterics 87, noto¬ 
chord 75, ova, 95, 
]irobo3cis 80, pro¬ 
boscis pores 84. 
Harvestmen 837. 
Harvest-mites 850*. 
Hasarias 826*. 


Hawk-flies 748*. 
Hawk-moth 714*. 

Hciid Arthropoda 318, 
325, Crustacea 342. 

Heart Balaiioglosaida86. 

Tunicata 15, 16. 
Hoart-urebin 244. 
Hobrns 692*. 

Hedona 824*. 

Hela 500*. \ 

Heliaster 192*, madre- 
porites of 184. 

Helice 547'. 

Helicomitus 703*. 
Heliconius 712*. 
Holicopeyche 707*. 
HeUocidaris 242*. 
Heliocoptera 697'. 
Heliothis 719*. 

Helleria 501*. 
Hclminthomorpha 592. 
Helomvzidae 760'. 
Helotidae 780*. 
Hemerobius 704*. 
Homiartlirus 491*. 
Hemiaspis 795. 
Hemiastcr 246'. 
Hemiblabera 667*. 
Hemiblossia 833. 
Homicalanus 405*. 
Hemichordata 07. 
Hemicidaris 240*. 
Hemicloea 822*. 
Hemlcloeina 822*. 
Hemicosmites 309. 
Hemieuryale 206*. 
Hcmilamprops 476. 
Hemimerus 666*. 
Hcmimetabola 648. 
Hemimyaria 46. 
Hemirayais 471*. 
Hemionisous 483*. 490*. 
Hemipenacus 529*i 
HemiphoUs 206*. 
Homiptera 600. 
Homipterota 667*. 
Hemisarcoptos 852*. 
Homiscorpion 806*. 
Hemithea 719*. 
Hcmitremata of Salpa 
54. 

Hemitropha 470. 
Hemityphis 602*. 
Henicocephalus 693*. 
Heuicops 603*, eyes 695. 
Henricia 192*. 

Hepatus 644*. 

Hepiahis 717*. 
Hepomadus 629'. 
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Hcrbula 720'. 

Hcrivia 854*. 

Hermon’'.ia 848'. 
HermaphroOitiKin, Iso- 
poda 484. 48»). 
Hcrmilius 407*. 
Hcrpyllobius 409*. 
Hcrsilia 406'. 

Hcrsilia 822*. 

Hcrsiliola 822*. 

Hesperia 713*. 
Hessian-fly 742*. 
Hetaerina 688*. 
Hotairoc.'iris 533‘. 
Hetairus 533'. 
Hctcroctinidcs 192*. 
Heterarthramlia 405'. 
Hcteroblustus 312-3. 
Heterocarpus 532*. 
Heterocentrotus 242*. 
Hcterocora 713. 
Hutcrocerus 731'. 
Heterochaota 405'. 
Hf4eroci(laris 241'. 
Helcrorrinus 294*. 
Hetcrocrypta 64S’. 
Heterocuiiia 476. 
Hoterodiadema 239*. 
241 >. 

Heterogamy 040. 
Hcterogcnca 717*. 
Hctcrogyiils 716*. 
Hcteroniera 732. 
Hetcrometrub 808*. 
Hetcromurpha 048. 
Heteromysis 471*. 
Hcteroncurldao 751'. 
Heterophryziis 490'. 
HeU'ro)ieoriis 854'. 
Ilcteroptora 691. 
Heterosuecus 433*. 
Heterostigma, stigmata 
5tW. 

Huterotrema 33. 
Hctrodiiioo 678*. 
Hetschkin 823'. I 

Hexocrinus 296*. 

Hexapus 647*. 

Hexisopua 8^. 

Hexura 820'. 
Himontarium 602'. 
Himanthorium 602. 
Himantoptcridao 716'. 
Hippa 642*. 

Hipparchia 712'. < 

Hippasterias 190*. I 
Hippidea 537'. I 

Hippoboeca 752*, 763, . 
nervous system 034. I 


Hippolyto 523, 533', 

chromatophorcs 44.3, 
444, 445, larvae 4.>1, 
pariisitc of 410*, zoac.v 
of 532. 

Hirmoiiciira 747*. 
Hist.agonia 823'. 
Histeridac 729'. 
Hi.stiogastcr 854*. 
Histiostoma 854'. 
Histolysis GDI. 
Hodotermes 683'. 
Hola-stcr 246', apical 
system 219. 
Hoicctypoida 242. 
Holectypus 243‘, anal 
area 217. 

HoHssus 821*. 
Holomctabola 048, GDO. 
Holopcdium 381'. 
Holopnc'istes 242'. 
Holopnoustic 632. 
Holopus 302*, 303, calyx 
27D, orals 279, antm. 
mouth 280, covering 
plates 281, stcni 282. 
Holothuria 2D0, 201, 
266*, gonad 2G2, para¬ 
sites of 203. 

Holothurians dcvclo]>- 
ment 151. 

Ilolothuroidca 247. 
body-form, tont.vic.s 
249, tubc-fpet 2">0, 
2r)r>.body*»val),8iiic«iIr8 
2DO, cutc-arcuus ring 
251, watcrvoRi'iilar 
system 251, pohan 
Vesicle, stonc-canal 
263, axial organ, ner¬ 
vous system 255.HcnHc 
organs, uliiucnlary 
canal25n. nieseriteric.s, 
respiratory trrc-« 2C>**. 
Cuvicrion organs 25:*, 
coelom, pc'rihacnial 
spaces, vascular sys. ; 
tcni 2<8), gonads, gen- | 
ital rachis, habits 202. 
regeneration, osuxual 
reproduction, paru- 
sit*-' 263, geological 
history, development, 
and care of bro<Kl 
2G4, affinities 205. 
Holotropha 471*. 
Huinuionychus 822'. 
Hoiiiarus 635*, larvae 
461. I 


Honiocrinus 2 ^ 5 ^ 
Honioot>jjamia 667 ^ 
HoitifK'onutia 819 . 
Honioetxsccli.s Hi)K 
Homocosis 349 . 
Hurnoia 543 *. 

I Honiolampns 247 . 
Hoinomorpha ms. 
Homoptera 695 . 
Honcy-lx^ 

lfnncy-<lc\y ^i 9 M^ TOM 
lio|>-plant*Inij.sc 
; )Iopla.Ml<>r 190^ 

' Hop)iH*nntt 8 294 L 
Ho(>ltHlcrma 848 ‘. 

Hopil’pliorits 531 ^. 

I llormiinis 806 % 
i Homot 7 < 57 . 

Horso-tly 747 ', 7 “V 3 . 
Horseslioc-rral> 78 ^% 
lloujcu-Jly 752 ', eye of 
33 L 

Hovor-fiicis 749 . 

I Hueiiia 545 ^. 

JliiitfcMtia 850 ^ 
Hiiiiiblc'lKM'M 7<»5* 
Hiitlonia 822 '. 

Hvale 602 '. 

Ifyalirii* cc\Ih of rhah- 
iloni 331 , 

Hyutino of Tuiii* 

cata 14 . 

Hyahunnia 840 , 850 '. 
Uy;\s 546 % 

HybofTituiH 294 ', pore- 
rhomb.s 309 . 

Hyctia 826 ». 

Hyfir.ichna 850 *. 851 
Hy<lrvsUTia.s 192*. 
Hydroc*am|>a 720 '. 
Hydn><‘liorcMt<*s 851 '. 
HydnxM>i>l 120 , 143 , H-f. 
Hydrfx^yon, pariusiic of 
413 . 

Hydrocyphon 732 '. 
Hydrf>metra 693 '. 
HydropUiluH 723 , 727 ', 
hlaxtodcnu 042 , ciii' 
bryo.H 045 . 

Hydroperufl 726 *. 
Hydropflvehe 707 *. 
Hydroptila 707 *. 
llydrodcaphi<lue 728 *. 
}ly<lroxf>ir( 9 < 312 . 
fIydryplianU* 5 < 8 . 50 *, 851 , 

Ilyr^obaU'rt 851 '. 

Hyi ‘ •«*an*inu8 547*. 
HyloLOctiis 732'. 

Hyiopaila 718*. 
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Hylotoma 758. 
Hymenaster 192*» form 
of body 108. 

Hymeoitis 712*. 
Hymenocaris 888*. I 

Hymenoccra 63S*. 
Hymonodiscus 193. 
Hymenodora 581’. 
Hymoaopenaoua 529*. 
Hymeaoptara 754. 
Hymeooptis 060’. 
Hymenoeoma 547*. 
Hyocrca 823*. 

Hyocrinua 802*f arm 

278, baealfl 276, cover¬ 
ing platee 281, orab, 
mouth 280, pionulcd 

279. 

HyoBura 488*. 
Hypanthocrinua 297. 
llypererythrope 471’. 
Hyperia 494, 508’. 
Hypcrina 502^. 
Hyphalaetcr 189*. 
Hypnodca 406*. 
Hypoorma 668*. 
Hypobythiua 28*. 
Hypochilus 820*. 
Hypochthonius 848*. 
Hypochtonua 810*. 
Hypodcrma 753*. 
Hypognatha 824*. 
Hyponomonta 642. 
Uypopharynx, Insect 
Oil. 

Hypopua 847. 
Hy{>ostereom 307. 
Hypoetoma 583, Cnit». 
tucea 343, THlobita 
3i-*4. 

Hyi>oetome 840* 
Hypoeyal 283. 

Hy]«i.lao 718*. 
Hypsiechinua 242*. 
Hyptiotcs 820*. 
Hypurgon 36*. 
Hyatricriaua 296*. 


lasis 49*, 54. 

Ibacua 5^*. 

Ibla 424*, caudal fork 
of 420, dimorphiam 
354, 422. 

lohneumon-fliue 760. 
lohthyocrinus 296*. 
lohthvox^us 489*. 
IciUus 500*. 

Iconaster 190*. 


INDEX. 

Icridium 600*. 

Idolum 069*. 

Idomene 405*. 

Idotea 488*. 

Ihocrintis 294’. 

llariona 246*. 

Ileum 626. 

lliodaemoQ 267‘, stonc- 
canal 254^ 

Dyarachna 488*. 

llyaater 189*. 

Ilyocryptua 381*. 

Ilyodromus 391. 

Imaginal disca 651. 

Imago 630. 

Inachus 545*, action of 
Sacculina on 432, 
effect of parasitee on 
446. 

I n adunata fis tulata293’. 

Inadunata larviformia 

293*. 

Indo-Pac — Indo Pacific. 

loler-radial 277. 

Xofrabaaal plates Schi- 
noderms 121. 

Infrabasals Crinoids 
276. 

Infulaster 247. 

Infundibula 30*. 

Ino 716*. 

Inocellia 702*. 

Inaccta 608, aomites 
317, head and brain 
321, maxillulae 322. 
chordotonal organa 
338, Bcgmentatiou 
008. typical seg¬ 
ment CIO, head OiO, 
thorax 611, wtnga 
613, abdomen 616. 
append.agcs 017, ali¬ 
mentary canal 623. 
saliva 625. glands 
saliTary, silk, caccal 
627, excretory organs 
627. vascular system 
028, fat-body, peri¬ 
cardial cells, phos¬ 
phorescent organs, 
oenocyte-cells 629. 
respiratory sysU'm 
630, tracheal gills, 
anal respiration 632. 
nervous system 633. 
sense-organs 635, re¬ 
productive orgonj 637, 
development 639. par¬ 
thenogenesis 640, ovi- 


posHion 640, poly- 
ombryony 641, met*- 
morpItoKis 648, hurva 
650, pupa 651,pn!no- 
ontol<*gy 053, classi¬ 
fication 054. roarino 
G57, oceanic 693 *- 
Instar 054*. 

Intoram bu lac ral plates 
171, Crinoids 280, 
ElchinoidB 211. 
Intercalated segment 
320. 

Intcrprimihrachs 278. 
Intcrnulials Crinoids 
278, incori>oration in 
calvx 278. 

Intoixadii Echinoderms 
117. 

Interrupted intcrambu- 
lacra 217. 

Intersecundibrachs 278. 
Intestinal pores Balauo- 
gloasida 79. 
lodes 719*. 
lomachns 800*. 
lone 49i*, plcopods of 
482. 

Iphimedia 601*. 

Iphinoc 476. 

Iris pigment cells 330. 
Irpa 2OT*, stonc-canal 
254. 

Isoca 501*. 

Ischnocolns 819. 
Ischnogrades 406*. 
Ischnosoma 488*. 
Ischnurus 806*. 
Isrhyropsalis 842*. 

Isias 405*. 

Ismailia 409*. 

Isochaot* 406*. 

Isocrinus 801*. 

Isogenua 677*. 

Isolated plate 211. 

Isometroides 806*. 
Isometrus 806*. 

Isopoda 479, pariisite 
of 410*. 

Isopoda onomala 491. 
leoptera 678. 

Isopteryx 677*. 

Isotoma 657. 

Iteh mites 852*. 
Itbomia 711. 712*. 
Ilyraera 697*. 

Ittrus 807. 

{ Ixa 544*. 

1 Ixode* 846, 849, 850*. 
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J.M.B.A, - Journal of 

the Marine Biological 
Association. 

Joera 488*. 

Jalysus 692*. 

Janira 488*. 

Janulos 828*. 

Japyx 669, abdomen 
017, malpighian tubes 
of 581, maxillulae of 

322, 658. 

Jassidae 697*. 

Jasus 636*. 

•faxea 688*. 

.Ton Zeitsch. — Jcnaische 
Zeiteebrift fur Natur- 
wissonschaft. 

Jonosia 892. 

Jour . do I'Anat. Phys. 
—Journal do I’Ana- I 
tomie €t do la Phy* 
siologio nomalos et 
pathologiques do 
i'homme et dcs ani-^ 
maux. 

Joum. Morph, -Jour¬ 
nal of Morphology. 
Jugum 716*, 720*. 
Julinia 83. 

Julomorpha 698*. 

Julus 6 m*, development 
580, larva 591. 

Julus terrestris 732*. 
Jurinia 405*. 

KaUima 712*. 

Kanhia 833. 

Katamysis 471*. 
Katerythrope 471*. 
Katydids 073'. 
Kentish-glory 718*. 
Kentrogon larva 430. 
Kepon 491*. 

Kerraofl 701'. 

King-crab 786. 
Kochloriao 428', seg¬ 
ments of 426*, caudal 
fork 427*. 

Koonikeii 860*. 

Kolga 267*, stone-canal 
254, 

KongsWrgta 850*. 
Koninc-k<M'iclnrts 239'. 
Kootiiinga 462- 
Korothr.iHter 192'. 
Kuwnh'vxkia 65. 
Krendow.^kia 851'. 
Krtlhe 391. 

Kroycru 601*. 


Kyptocaris 532*. 


Labia 666*. 

Labidiostcr 193, radii 
110, rays of 107. 
Labidocarpus 852*. 
Labidoccra 405*. 
Labidodemas 266*. go- 
nad 2<>2. 

Labidoplax 269*. 
L.'tbidura 686*. 

I,abidu8 773. 

Labium of Insect fill, 
621. Chilopoda 59fi, 
mites 844*. 

Labochtrus 810*. 

Labrum of Arachmida 
323, Docapodiv .514. 
Insect 610. Spatan- 
goids 217- 
Labulla 823*. 

Lac 701*. 

Lace-bugs 092*. 
Lacc-wing flies 704 . 
Lachnostema, nervous 

system 034. 

Lacinia 019. 

Locinia inobilis 438. 
Lady-birds 73b’. 

Lnclia 718'. 

Laemargus 408‘. 
I^acmatopbilus 600 ■ 
LoemodijKxl.a 503. 
Loetmogoiio 267', stone 
canal 2.54. 

Lactmopbasma 267 . 

[^ganum 244*. pores of 
215. 

LageniocrinuB 293*. 
Lagoa 717*. 

Lagria 783*. 

[^mbrus 648'. 
LameUicornia 724 . 
Lamina of UocajMKl gilU 

Lamina fronUbs 59.). 
LaminiUJ i>e<ligenic OHO. 
I^minipcs 851'• 

Laniinosioptca 851 . 
I>ampona 822'. 
Lamiwni^ 670. ^ 

Lamproglena 4W - 

Liunproiii-v 720 . 
Lamprojw476. 
Lampyris 732 .1-" 

pliorcseence niJ- 

LaUi-eoIa 603*. 

Languet of Salpida 
LAnguets 0. 


Langustc 535*. 

Laiiieria 245'. 

Lantern of Aristoile 227 

Lantcm-Hics fiOT'. 

Laomede.a 538*. 

Laopbonte 405*. 

Liphria 748'. 

Laj'hystius 501*. 

L.ap\vortbi'tac 206*. 

Liiricobius 732*. 

Laronia 822'. 

Larra 769‘. 

Larrin.ie 768. 

Larva present an«l .ab- 
sent in l.eptodora 374. 

I>arvacca 60. 

Larvae Asteroids 1«H. 
of Crustacea, signih- 
cance of 452, Dpliiu- 
rids 204. 

Larval liiato'ies of Crus¬ 
tacea 3<55, M.vlacos- 
tr.u u 440. 

L.irvifonnia 293'. 
L:i.siti-stC'r 191'. 
La>ioeaui[)a 7l7*. 

La'ius 772'. 

Las<x‘onia 714*. 

Lateral buds Polioluni 

.58. 

Lateral plates Cnnoids 
282, Cirri|*edes 4l.t 
Lathonura 881*- 
Ijithya 820*. 

Latona 381'. 

Lntreillia 543. 

I^trciites 533*. 

Latridius 730*. 

Laura 434. 

L'oria 488*. _ 

Laf-cutting be*' 
lycaf-in.sei t 009 . 

Ix'and< r 533'. 

Ix-.ilher jackrts 74 j . 
IxdMTtia 851 

IxcamK-rinus 

lx ilborliyii' 1"*;'784 
IxcytluxTinus 385 . 

Ixc of PbvlIoiKKla .P". 
Ix.aster 191*. 

Ixidya 491*. 

Ix-ma 735*. 

IxniU 244*. ^ 

L nl.ge.i 

Ixntungula . 

L.p;ulo< riu.u* 309 
lxims423‘, Innly <4 

Blructuro of 419, c'- 
cretory organs 4-1. 
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fcrtnts;»tk>n of 422, 
jfnv8 i/f 420, larvu of 
4l’». ]Ki]>A of 417. 

Ix |»PO|»litK<'ini.H 407-S. 
I^^plilhypli;uilc-s 823-. 

Lf)ii«lrtctyli.s 501*. 
J<<-pi<lrc-liiniiR 239*. 
I.<'pidt*sthcs 239‘. 

Lt pidofi'utnis 239', 
I..epi(l<}t itlnri!« 239'. 
Ix-pidopicurua 241*. 
Lt‘i»i(liipt<Ta 708, funo- 
tional inancUhles 721*. 
Fx^pidopiw 408'. 
I-t-pidiinw 377. 

1^‘pi.Riim 680. Alimentary 
canni 340, in nnii>cr 
0.74, ovidiirts Ii37. 
Lepoiiii-ciiH 491«. 
I.«'pt'Wl'i(IiA 488‘. 
L<'pla.sfcriii.s 192*. 

I'ttvsiluTm 377. 

I.' pliilue 746*. 
l-eptinilliw 727* ' 

L<‘ptiiuts 727*. 
Lt-ptoefriJiip 707*. 

Lci'lix lic la 631*. 
Ix-pItH-icJari.-? 240*. 
Lejitix-irciis 7l3* 
Lepioilinnm H>. 36'. 
Iv<‘|>foeimi.A 476. 

I-' ptodorn 381*. <levc- 
lr-p|«fiit cf 374. Kgs 
f'f •171. nervous sv.s. 
tern 372. ^ 

rx'|)tnglo.<».mis 692' 
LeptoK'nAthi.'x 479. 
I.K'ptogona.MftT ISO' 
190'. • 

Uptogrammn 720*. 
l-^eptomysis 471*. 
lA-ptonctA 821'. 
Ix-ptopolmn 819. 
L<‘pt«ijpKo!cus 822* 
Ix-fitophyoa 673’. 
I..<-pt'*l'odiA 546*. 
Ix'ptoptycliftater 189* 

Ix'pto.HqiiiHa 511. 

Ix-i.to8traca 466. fowib 

4.70. 

I>5pt<wt WiR 478. I 

Lcmneiv 408. 409'. fo- ] 
mnlo 309. nmlo 403. 
l^rriucnscuH 408 ^ 
IxTnucocenk 409’. j 

Jx-nincoOificiig 433*. j 

IxTHaralophiig 409', j 

Kemucniu-nm 409'. I j 

L<Tnne..p»Mlrt 409*. I I 


J. I fx'niAntliropiiR 408*. 

lilooil :i.i2. develop. 
Mtent 40J. 

j IxTiieoeniiuis 409'. 
j Ix-xkiuiac 247. 

409*. 

' Jx-.HicA 688*. 

J/ciirania 719*. 

I Ixueifer 629*. gillR nf 
618*. Inrv.-ic 46J. 530. 
thorax 430. 

• 1 Tx'iifknrtia 405', 

. j Ix‘ii(-uma 718'. 

Lcueon 476. 

Lciieopli.aca 667*. 
Ix'iirojihaHia 713'. 

: Ix;iu'u|»HiR 751 «, 

i (x'ucosi'i 644‘. 
j Ix'iKothoe 501*. 

LiacnriiR 848'. 

Liheiliil.-i 688. 

‘ Liliclliilidiio 686. 
i Ixhitiia 646'. 
lahythca 713'. 

001, bml-hiling 
1 OGO, dog, sheep liOI, 
nionkcy.s, sonis. clc- 
phanta 002, whales 
504*. 

Lichoino?ga.s 407‘, I 
L'^ht-prodiicing organ.s ! 

Ligia 487, development 
485. 

' Idgidium 487. 

L'Si'In, bee Oil, Insect 
Oil. 

Lilljeborgia 406*. 
LiIljel>orgia 601'. 

T^imiK'odcs 717*. 
lainacomorpha 592* 
I-imcnitis 712*. 
hiirinadia 877.’ absence 
of males in 339. s<Tond 
antenmiry neuromerc 
J47. malas 374. ner- I 
VOU8 system 348. par¬ 
thenogenesis 373. I 1 
b<imna.s 711*. J 

Limne-sia 851'. I \ 

bimncaio|v<js 850* ‘ 1 

Limnet^ 377. H«lx.|h,m 1 

309^' ' of I 

Limnieythero 392. j 

Limnocoridina 532'. j 

l..imnochare.s 850. 
I.iimnomy8i.s 47|» } 

Limnophilidao 707*. 


*. I Limnoria 489'. 

>• I Litiimisida 381'. 

I ia*iiinthri{R« 690. 

Jamiiliis 795. endoA. 
} leriMim .3118. lateral 
eyes of 3‘t4, iiM*>liiin 
oyes of 3;M5, ijmiM 

314. nlliiiiiii>s m*o* 
f I h^ieaMiislory 7!K5. 

. Lini-kin 191*, iii.-i<lre« 
iHiriU-s of 18-1. re- 
generation •)f I.SS. 
Lingua. hi.He«'t 011. 

Lingual 111 . 18 .'*'». 8»>»». 863, 
J.iniae thalassiniiNM* .514. 
Litiobia 852'. 
Linopneii!<tes 246*. 
Lintliia 246*. 

; Linii|uiris 535*. 

I Linyphia HI I. 823*. 
Liol>iiniim 842*. 
laiM'raiiiim 825'. 

Lip.'iriH 718'. 

Liphi.stjii.s 812. 819. 
Li|>oneiira 743'. 

Liptena 7l3‘. 

L>rio|>v 490*. 

Tarioiwis 490*. 
Lispogiinthus 545* 

I Lissa 546'. 

LiKinjphorii.s 852* 

Litargiis 730'. 

Lithohius 595, .603*. 
blo<j<| .598, eye.s 597, 
fligniaU 599. U'slis 
000 , uvi|ioRilii)|| liol, 
LitlMwIcK 541'. 

Lit!ioglypt<>s 428‘, seg¬ 
ments of 420*, l aiul.il 
fork 427*. 

Lilhosia 718*. 

Lithotrya 424’. caudal 
fork of 420, habits 
of 422. 

Lithyphnntes 823'. 
Litomastix, embryonic 
lissioii 042. 

Liver of Tunicata, 14. 
J.fivoncra 489*. 

Ljnnia 850*. 
l-oboth«jrnx 489*. 

Ix>b8ter larva 340 
LoUter .530', rock. Nor- 
w.ay 535. 

IxK'Msfc (;7o», 072* 

Ix^usta 673*. antenna 
018. end of alMhnneii 
o--. tympanic mein- 
brano 030L 
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Ix>hmannia 848‘. 
LorM'haca 750'- 
Lonrhitlium 408*. 
Loiit'hodes 670‘. 
L<onchopt€ra 748*. 
Loiichotostor 189*. 
Loiigicoro beetles 723, 
735*. 

Longipedia 405*. 
IxKjpers 718*. 

Loaso suture 282. 
Lopha.ster 192*. 
Lophogastcr 472. 
L/oplio[>tcryx 715*. 
Lophura 409*. 

Louse, hop plant, green 
pea plant, maple- 
plant, vine- 699. 
Ix)v<'n’8 law 219. 
Lovenia 248*. 
Loxcchinus 242*. 
Loxoncha 391. 
Ix)xoscclos 821*. 
Lubbockia 407*. 
Lucanus 725*. 

Luciola 732*. 
l.uctkunia 206*. 

Jjuiiiia 189*, size 108, 
stonc-o.anal 1K3. 
Lung-books 770, spiders 
H73. 

Lunula 730. 

Lunulao (’lype.istroids 
217. 

I.utkenia 408*. 

Lycoca 602*. 

Lycaena 713*. 
Lycacopsis 502*. 

Lycosa 704*, 825*, co¬ 
coons of 819, vestigial 
antennao 775. 

Lydella 856. 

Lygacidue 692*. 
Lygophilua 406*. 
Lygromma 822*. 

Lygus 694*. 

Lymexylon 732*. 
Lymphatic glands of 
Chilopoda 598. 
Lyncciaac 381*. 
Lyreidus 544*. 
Lyriocrinus 296*. 
Lysianassa 490, 601*. 
Lysiopotaliim 693*. 
Lysiosquilla 511. 
Lyemaia 533*. 
Lysophiurao 205. 
Lytoater 192*. 

LytU 733*. 


Machilis 658 , 659, max- 
illula 322, 619. 

M.acicayia 501*. 

Macrobiotus 856, 857, 
858, 859. 

Macrocheira 545*. 

Macrocoeloma 546*. 

Macrocypris 391. 

Macrogaster 716*. 

Macroglossa 715*. 

Macromysis chromato- 
phorca 443, 444, 

colour of 455. 

Macrophthalmus 647*. 

Macropneustes 246*. 

Macropodia 545*. 

Mocrostylis 488*. 

Macrothclo 819. 

Macrothhx 381*. 

Mocrura opistomo of 
615. 

Macula Trilobita 363. 

Madreporito 118, 127, 
number of 130, Aster¬ 
oids 182, second of 
Crinoids 166. Kchin- 
oids 2i0, Ilololhur- 
ians 254, number of 
in Afiteroida 184. 

Mac-ra 601*. 

Magnesia 241 *. 

Maitt 545*, nervous 
system 348, 443. 

Malachiu.*) 732*. 

Malacodermidao 732*. 

Malocostroca 360, 435, 
head, dorsal shield 

436. classification 453, 
caudal »ork, otocyst, 
excretory opening, 

437, mandibular palp 
433, cpipoilites and 
ooRtegites 439, bran¬ 
chiae 440, air-cham¬ 
bers 441, liver, genital 
ajiertures, excretory 
organs, nervous sys¬ 
tem 442. chromato- 
jdiore.s 443, colour 
change 4*13, effect of 
parasites on 446, de¬ 
velopment 446. 

Malaria 744. 

Male unknown in Lim- 
nadia 374, Ostracods 
388. 

Males of i)arasitic Cope- 
pods 402. 

Malleoli 830. 


M.allophaga 660- 

Malpigh an tubulo.s .Ar- 
achnida 778, Diplo- 
poda 587. 

Mamelon 225. 

Mamersa 850*. 

MarniUo 714*. 

Maramoster 191*. 

Mammestra 7l9*. 

Mandible Crustacea 
' 345, leg-like ilyodo- 

copa 384, p-ilplcjsS 
501*. 521, palpless of 
Cumacea 474, palp- 
Icss in Isopoda 481*, 
palpless of Tanais 478 

Mangora 824*. 

Mansonia 745*. 

Mantis 668, 669*. 769*. 
leg 621, ovii>ositjon 
641. 

Manti8[>3 704*. 

Monde of Lepas 419, 
Tunic.ata, 4. 

Mantoidca 669*. 

Maple plant - louse 699*. 

Marocaudus 842*. 

Maretia 246* 

Marginal plates 171. 
Echinuids 212. 

Morginosler 191*. form 
of body 168. si/e M'.«, 

Marpissa 826*. 

Marsipaster 192*. 

Marsipocrinus 296*. 

Marsupia Echiiioids 216. 

Marsupites 297, 298*. 
arm 278, caly.t 275. 
central 276, me-sn- 
stercom 309, stem 
282. 

Masaris 767. 

Mask 087. 

Mason • beo 747,* 761. 

Mostax 672*. 

Mastigobraneh 518. 

Mostigochirus 542*. 

Mustigoproctus 810*. 

MiuHligopus at-ago 529*. 

Mustobunus 842*. 

Matuta 644*. 

Maxillae Crustacea 346. 

Maxillary glands of 
Cirripf^ia 421, Crus¬ 
tacea 353, Cypris 361, 
0striu’O<lH 387, Cope- 
poils 308 *, Cumcoa 
475, Tunaidocea 478, 
Isopoda 483, Mala- 
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costroca 442, Nebalia 
460,Stomntopoda 607. 

Marillary organa of Scu- 
tigcra 607. , 

Maxillipod Cniatacea 
346. 

MaxilUpeda 44, Chito* ' 
poda 660. Decapods ' 
621*. I 

Maxillula 605. 619. 

Maxillulae 322. 

May-flies 664. 

Meal-worm 734*. 

Mealy-bugs 701*. 

Mecaptera 705. 

Mecilwthritim 820*. 

Mccistoccphalus 602*. 

Mecistogasler 688^ 

Mcroiifma 678*. 

.Mcfo{>oda 678*. 

Mecorttcthus 272*. 

-Mcoynidis 823*. 

Mcoyuoccra 404. 

Mo<-Vf*mnucl»on»us 824*. 

Motl. ** Mediterranean. 

M«'dt*f<ic u8te 409*. 

Median bud.s Dolio- 
lum 68. 

Median eye Crtietaeea 
328. 317. 

MediiiHtrr 100*. 

Medior.adials 171. 

-Moilullary mrd Halano- 
Kl‘>-'"»idn 72. 

.Mi*diis,u*. ji.ir»'ite» of 
423* 


MeixabuniiH 842'. 
itejiarhil. 764. 
.Meyncorinua 807. 
Mpt'«dtv«niu 423*. 
Jlepaloblutta 667*. 
Mpgalobracliiiim 542'. 
Megalooen'UH dl. OJ. 66. 
Mugniodnii 673*. 
Sley'nlopn of Portciiui- 
64 rp. 


Mopnloprc|)ujp 688-. 
Megalopygo 717*. 
Afeiralyra 76i. 
Moganyetipliane^ 471'. 
Mcgarliinu^ 744 . 
Megathvmiita 714'. 
Megninia 852*. 

Megoetethi 841. 
Melonargia 712*. • 

Molandrya 734*. 
Melanol«t«e 698*. | 

Melano - Peripntua 575. 
Melanoplus, anatomy i 


of head 633, brain 
632. 

Melia 648*. 

Mcligethee 789*. 

Melipona 76S. 

MeUta 501*. 

MeUtaea 712* 

Melliaus 709. 

MeUita 844*. 

Melocrinus 296*. 

Meloe 733*. 

Melolontba 725*, an¬ 
tenna 618. 

Melonitos 289*. 

Melophogus 752*, 758. 

Melphidippa 501*. 

Melyridae 732*. 

Mem. de 1’ Acad. Peten- 
bourg * M^moires 
de 1’Academic im- 
periale des Sciences 
do Saint P^ters- 
bourg. 

3Iem. de la Soc. de 
Phys. et d* Hist. Nat. 
de Geneve • 3Ie- 
moircs de la Society 
de physique et <1* 
histoirc naturelle de 
Geneve. 

ilera. R. Accad. Lincei 
--Memoire della R. 
.\ccndeniiii dei Lincei. 

Mnubraci'liie 697'. 

^fenneua 820*. 

JIcnopon 060. 

^[entuin 621. 

Meomn 246*. 

Merhippolyto 538*. 

Mcridogastra 886. 

^lermerus 842*. 

Meruetomata 785. 

Mesenchyme Kchino- 
dermM 13.>. 

Mesenteries Asteroids 
177. Balanogloasiila 
87. 8». 

Mr-ecntery Holnthu- 
rinn 2^. 

Meserea 267*. 

.Mesiten 309. 

JIcM>bla>‘tu>» 312. 

Mesoccrebium 321. 

Xfeaoclirn 405*. 

Mosocriniis 300'. 

MesocyBtis 309. 310. 

Mceomysis 471*. 

Meeonotuin 613. 

Meeopeiipatus 578. 


Mesosoma 775. 
Meaostereom 307, CM- 
noids 309. 

Mesothorax 611 
Mesothuria 807*. 
Meflovelta 603*. 

Mapilia 841* 

Bfessor 771. 

MeU 088*. 
Metacerebmm 321. 
Metacrinus 801*, ambn- 
lacral grooTes 279. 

I Metacypris 801. 
Metagenesia of Toni* 
oata, 18, 

MeUUa 840*. 

^ Metamorpha 648, 649. 

I Metamorphoais Aater- 
ina 146, Inseota 648, 
Tunicata 23. 
Metamyais 471*. 
Metaranplius 401, Pen- 
aeus 528. 

.Metanotnm 613. 
Metopenaeus 589*. 
Metapiax 547*. 
lletnpneustic 741. 
Metnsoma 775. 
Metastigmata 848*. 
lletnstomA Eurypte- 
ridft 783. 

Metnthorax 611. 
Meterjthrops 471*. 
MetUoca 768. 

.Methone 878*. 

Metis 406*. 

Metoecus 784* 
Mcto)>octea 848*. 
Metr^ira 191*. 
Metronnx 828*. 

31iastor 742. 

Micaria ^5*. 

Micrathenn 824*. 
Mierobuthus 8 08*. 
Microccntnim 6TO‘. 
Mierocosmus 29*. 
3ticrocyphus 243*. 
Miorocythcre 898. 
Microcy’therura 891. 
Mierodon 749*. 
MicrolicUus 854*. 
Micromnntis 600*. 
Microniscus 4W*. 
3Iieropedina 841 *. 
Micropexidae 750*. 
Microprotopos 600*. 
Mioropais 841*. 
ilicroptcryx 721*. 
Micropy^ 841*. 
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Mteroxeetoloberis 891. 
Hidoa 860< 

Mklcopeu 850*. 

Midges 744*. 

Migas 819. 

Miliehiidae 761*. 
Mtllericriiius 298*. 
BliUipedes — Chelo • 
gnatha. 

MiTnesiaro 857. SU. 
51iltogramma 751*. 
Wnuxcroca 718*. 
Mimastcr 180*. 190*. 

Mimolua 684*. 
MimcKioctes 508*. 
Mimoscorplos 810*. 
Mirocia 406*. 

Mbophna 400*. 
Misumeaa 824*. 

Mites 842, algao. moal, 
cheese, moleholce 844, 
of lime, ourraDti etc. 
855. 

Mithrax 640*. 

Mithrodia 192*. no pedi- 
oellaiiae 173. 
Mixiopogurus 689*. 
Modiaimus 882*. 
Moebianus 406*. 
Hoggridgea 819. 

Molfia 881*. 

Moira 240*. 

Moiraster 189*. 
Moiropsis 246*. 
Hole<rioket 074*. 
M^U 0, 27*. 28*. 
20*. 80*. abaonce of 
tadp(4e larva 19. at* 
Uo^eok of 20. 
MolgoUdae 0, excretory 
organs of 17r|teet of 26. 
MoUusooidea 2. 

Molpadia 968*. 
Ucoaseidia 20. 

Mooeta 828*. 
Money-spider 823 
Mnnooalodes 601*. 
MooooyoUo 275. 
Mopotnaohos 701. 
Mopommkiae 784*. 

406 *. 

Mco^aUns IM*. 
Monoskiobous 336. 
MoiwtriUa 400*. Ufe hla* 
toi7 403. 

Motebsm^es 84* 

MoffobelUam 84*. 
MardelU784*. 

Morph. Jabrb^ - BCor- 


phologisches Jahr- 
Duch: ciue Zeitschrift 
fur Anatomie and Eat- 
wiokloogsgesohicbte. 

Morpho 7&K 

Mortonia 244*. 

Mosaic vision 331. 

Mosquito 730. 743*. 

Mosqaitn-beo 765. 

Moths 708, 713, mak¬ 
ing sound 718*, vivi¬ 
parous, wiogleas 720. 

MouUnia pores 215. 

HoaUnsia 248*. 

MOUeria 266*, gonad 
262, sole of 249. 

Mummucia 888. 

Munida 516. 642*. 

Munidopeis 642*. 

Munna 488*. 

Munnonisous 400*. 

Monnopsis 468*. 

Morgantia 602*. 

Murricia 622*. 

Musoa 762*. egg Ml. 
goDoducls 639, im- 
ft ginul Hiiift* 652, 063. 

Muscidae Acalyptratae 
761. 

Muscidae Calyptratee 
751. 

Muscles Asteroids 174, 
Balanoglossida 90, 
Crinoids 283, Eohino- 
dertns 126, Holothu- 
rians 251. 

Muscular artioulatioo 
282. 

Mussels, parasite in gut 
of 408*; 

MuiiUa 768. 

Myagrammopes 890*. 

Mycetaca 780*. 

Mycetobia 748*. _ 

Mycetophagidae 780*. 

Hycetophllidae 74& 

Myoboraltts 406*. 

Mydas 746*. 

Mygaliidae 819. 

Hymarinae 759. 

Hyoooptes 988*. 

Myodooope 889. 

Myra 644*. 

Blyriapod affinities of 
579. 

MyrUpoda 978. eyes of 
829, head of 820, 
soinites 31 7, 8 10. 

Myxlotoooha 639*. 



Mjrriotroebus fossQs of 
264, parasites of 263. 
Myrmarsc fane 826*. 
Myrmeda T78. 
MynneeoidMna 678*. 
My im ecophiia 674*. 
Myrmeleon 702*. 709*. 
Myrmiea ^8*. 
MyrtaleSia 
MyrtiDocriDos 294*. 
MyndoM 471*. 

Mysidella 471* 

Mysidiop 410*. 
Mysidf^isis 471*. 

Myss 464. 471*. 491*. 
blastoderm 240, de> 
velopment 470, fresh 
vater 470; 

Myna-stage 450. 
Myvtassa 984*. 
MytOaspis 701*. 
Mytilioola 406*. 
Myxaster IM*. 
Myxomyia 746*. 
Myxcrtynohos 745*. 
Myxostoma 290. 

Nabis 4 ir. 

Naoerdes 784*. 
Naclia716*. 
Naoospatangos 946*. 
Naesa 499*. 

NaU-gmOs 856*. 
Na|adk^890*. 
Nanaster 191*. 
Nannsstaom 477. eyes 
475. 

NaonoleDa 898*. 
Naaobstlns 806*. 
NonoesiniH 994*. 
NsaossHaTV*. 
Kaobraixdiia 409*. 

Na^ Mit. - MittbeU- 
uugm aas der Zoo- 
lopsebeD Sta t ioo so 


Haiml«406*. 
Nsxdoam*. 
NMstiOOa 
Haasoris OM*. 

Nanpiias eye 828, 
o e cun voee of 

15^ iiwning of 453. 
ct Qniped e s 415, 
Copspods 400, MaU- 
oostKBsa 443. Penaeus 
528, AyOopoda 375 
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Naushonia 538*. 
Nauiarachna 850*. 
Kauticaria 533'. 
Nautilocorystea 649. 
Nautilograpeua 540*. 
Noalges 852*. 

Nebalia 469, 403, cepha¬ 
lic groove 43G,cephalic 
ahield 513. male and 
female 456, nervous 
ayatom 442. 

Ncbaliolla 459. 
Nobaliopsis 469. 

Nebo 806*. 

Necrophorus 724, an¬ 
tenna 016. 

Necroscia 670‘. 
Nw-tarophora 699', 
Neotocrangon 634‘. 
Noctotcluon 358*. 
Nectria 190'. 

Nomasoma 693*. 
Nemoatoma 842*. 
Nomatobracliion 471'. 
Neraatnoarcinua 531*. 
Nonmtopagiirus 540'. 
Ncmatoscelia 471*. 
Ncmaliia 768. 
Ncmcobins 712*. 
Ncm«\'*ia 819. 

Nemesis 408*. 
NemoUrinidae 747*. 
Nemobius 676*. 
Nemwera 742. 
Ncmoi>hora 720*. 
Ncmoplcra 703*. 
Nemoria 719'. 

Nemuura 677'. 
NcocdStiiia 714*. 
NecuTinoiilea 298*. 

Nco< rinoid» 

Ncolampfis 245*. 
Neoliodcs 848*. 
Neolitlioiics 541*. 
Nc‘oniijr]ib!i.st<’r 191*. 
NcopiiUetic 784. 
Neo-Pcripiitus 673.' 
Neoplax 206*. 

Neoteny of tcrmitca’OSl. 
Nepa 694*. mouthparts 
020, nervous system 


^,634. 

wepanthin 191*. 

^cphila 828*. 

VeohriOia Arachnids, 
.Unislace^f,' Scorpio 
3l7,. Pbripatus 317, 
662. ' 


Nephrops 635*. 


Nophropais 536'. 

Ncrocila 489*, herma¬ 
phroditism 484. 

Nervous system Ara- 
ebnida 779, Asteroids 
174.' Balanogloesida 
70. Branchiop^a371, 
eVinoids 283, Crus¬ 
tacea 347, Echino- 
derms 123, deep oral 
124. apical 124, Echi- 
noids 228. Holothu- 
rians 256, Maloco- 
straca 442, Ophiurids 
199, scorpions 804. 
Tuntcata 14, 23. 

Nervure* 614. 

Ncaidea 391. 

Nesippus 408'. 

Nctimania 851'. 

Ncumannia 852*. 

Ncuroctentis 692*. 

Ncuromere 820*. 

Ncuroni.a 707'. 

Nouroptcra 701. 

Newportia 002*. 

Nicippo 501*. 

Nicodanjiis 826‘. 

Nicothne 407*. 

Nidorclli.a 190*. 

Night-blind insects 333. 

Nika 634'. 

Nilionidac 734'. 

Ninctis 822*. 

Niphargus 601*, habits 

499. 

Nirmiis 661. 

Nisoni.ulcs 713*. 

Nitidiilidae 729'. 

Nitocra 406*. 

Nwtuii 719'. mouth 
parts 620. 708. 

Nodipalpus 854*. 

Nogag\ia 408'. 

Nola 718*. 

Nomada 764. 

Nomnphila 720'. 

Ncpnne 718‘. 

Nopa 821» 

Norion 408*. 

Normanla 392. 

Notaspia 848'. 

, Nolhocjiris 532*. 

NolTtrus 848*. 

Notofhprd Balanoglos- 
sidu 74. 

Notpdclphvs 406*. 

Not*->do|>ta 715*. 

Notodromas 391. 


Notciedros 852*. 
Notolampra 667*. 
Notonecea 695*. 
Not-ophryius 490*. 
Notopterophorus 406*. 
Notopus 6M*. 
Noto^jgma 603. 
Not-ostigmata 847. 
Notostomus 631*. 
Notoetraca 376. 

Notum Insccta 017. 
Nuclcocrinus 312. 
Nucicohtes 245*. 
Niicleopygus 246*. 
Nucleus of Salpida 48. 
Nudaria 718*. 

Nurscia 820*. 

Nurse Doliolum CO. 
Nyctenla 718*. 
Nycteribia 753, 754. 
Nyctibora 667*. 
Nyctiphanes 471*, legs 
467. 

Nymph, Insecta 649, 
mites 847. 
Nymphalidae 711*. 
Nymphnlinac 712*. 
Nyniphastcr 190'. 
Nymption 784. 

Nvsius 692*. 

Nyssoninao 769. 
Nyssorh^mcliiis 745*. 

Obiaiuni 833, 836. 
Obtusilinguinao 763. 
Occiput of Insect 610. 
Occluded plate 211. 
Ocellus of Insects 328. 
Ochyrocera 821'. 

I Ocnoria 718'. 

I Octacnemus 64. 
Octhiphilidao 761*. 
Octomeris 425*. 

Ocular plates Eclunoids 

loo 

1 

Oculinaria 87'. 

Ocypode 546*. 

Ocvpus 728*. 

Odinia 193. 

Odius 501'. 

Odonata 686. 

Odouestie 717*. 
Odontastcr 189*. 
Odontia 720*. 
Odontocerum 707*. 
Odoutodactylu.'» 511. 
Odontomontis 669'. 
Odontopyge 593*. 

Odci’t urufl 806'. 
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Odyncrus 766. 
Oecanthns 675^ 

Ocolus 806v 
Oocobius 820*. 
Oocodoiaa 772*. 
Oodcniato()oda 715*. 
Occlcnicridno 734*, 
OcclicerojKsis 501 ^ 
Ocnlicerus 60P. 
Ocdipocla, brain 032, 
Irachouc, 032. 
Ocdi|)CKJina<' 672. 
Oonwtra 720*. 

OcniX'ylc cells C20. 

OcAtruH 752*. 

Oola 823‘. 

OfTastor 246‘. 

O«< odos 748*. 

0^nia.slcr 190*. 

OiiyriH 533*. 

294*. 

Oiccobntbc’s 784. 
Oikoplnsts 01. 
()iko)il(*ura Oi, 01, 65. 
Ojko|ilciira luT- 

inapbrodiC isiii (if 17. 
Oil.fifotio 733*. 

< bllnina 406*. 
f >!cji<*irii 489*. 

Olfactory organn In* 

>«(•(• t.i 033. 

0|i;.Mir(H‘H 742. 

( Mig<^lophiiH H38, 842*. 

< Higoporii.s 239*. 

Oli|iojiN^MIs 245^ 

( Mi^otoiiia 683^ 

Olitiolrcrna 30*. 

Olpuiin 836. 

Oiiunatidiuin 32U. num¬ 
ber <»f 331. 

Oijcjtca 407*, plioH. 

pIiorcHconce 397. 
0)ncof;iiatbijs 694*. 
Oiiriio|ihan(a 267*. 

^tona.< .iiiul 231. 

OiiiH( ofijor|)ha 592. 
OuiiwruH 487, develop- 
merit 185, peiii.^ 
483. 

OnycliaMtcrlilai* 206^ 
Onyeliopbofa 650. 
OoiiopH 821 *. 
OojKTipaluQ 573. 
OorhyncIniK 784. 
OoHlej^jle 340, ilh r|>i- 
pCKlil<3 401, Malaeu?i- 
traea 430. 

Oozoitc 48. 

OpeicuUta 426. 


Operculum, Cophalo- 
discus 100 , CirripeJes 
420 . 

Opotia 749 *. 

<)pliiju;antha 206 *. 
Ophiacti.s 206 *. absence 
of bursae 203 , canals 
of JSitnrotli 203 . stone 
canals 201 , red cor- 
pusolos of 202 . 

OphiactliiopH 206 *. 
Opbiarnbyx 206 *. 
Ophiaraehna 206 *. 
(>[ 1 uartbriim 206 '. 
()|>bit‘cpliaioiis 221. 

()phidiasU-rl 91 *, madre- 
jiorites of 1 S 4 , no 
jMMlicellariao 173 . 
Ophierniis 205 . 
Opbioblenna 206 *. 

[ Opliiobrueliinn 206 *. 

! ()(ihiubyrsa 208 *. 
i Opliiocanuix 206 *. 

] Ojliiocamp’^i.s 206 *. 

Opliiixantha, arms of 

101 , 

Ophioeenlrie^ 206 *. 

()|ibHK’er.iiiHS 205 . 
f (^pliioiliaeta 205 . 

0 { 1 it«x*lu*<iii 206 . 

* Imndnis 206'. 

' ()phi<K liylru 200 *. 

j ()plii(H'neriuH 206 ^. 

I ()plii(x:iM<la 200 *. 
j ()p|iji>roina 206 \ 

' (jpliH^eonis 205 . 

* ( )plu<KTeas 207 *. 
j Opliioclen 206 *. 

I Opliici^'ytilbiurii 206 *. 

; ()plii<Hlerma 205 . 
j ()[ 1 iio;/cron 200 *. 

(Jpluoglypba arms IlM. 

( Oplimi'on.i 205 . 

fl| 4 iiogymna 206 *. 

( >p)ii<fbeluH 206 *. 

I Opbiolelies 206 *. 
O]iliiolepjs 205 . 
Opbiolipu.s 205 . 
Opliiumatilix 200 . 
OpIiiuniu.'^tuH 205 . 
()pliioina/.a 206 *. 
Opbioniitra 206 *. 
Ophiumiisinni 205 . 

OpIiHjtnyces 206 *. 
Opliminyxa 206 *. 

(>p>iiurieus 205 . 
l)pluoiielius 761 . 

Opliiom nia 206 *. 
OphiuncpIitbyH 208 *. 


Ophionereis 206*. 

Ophiopaepala 205. 

Ophiopeza 205. 

Opiiiopczella 205. 

I Opbiopholis 206*. 

I ()|ihiophraRmu» 206 *. 

Opliiophylluni 205. 

(>phiopinaz 205. 

Ojihiopluz 206*. 

()|)hiopIcura 205. 

Ophioplinthus 205. 

Ofihioplocus 205. 

()j>hiopluteus 204. 

Opliiopsammiuni 206*. 

Opbiopsila 206*. 

Opbiuptcris 208 *. 

Opliioptcron 206*, fin of 

! 190, 

^ Ophiopus 206*. 

I Opliinpyren 205. 

OfibiopyrRus 205. 

OpbioHciasrpa 206*. 

Opiuoscolex 206*. 

Ophiosrides 406* 

(>phios|>liaera 206*. 

()pliio.v(igma 206*. 

Opliinterosijs 206*. 

Ophiuthamnus 206 . 

(>|4un(bela 200*. 

()phi()tlioIia 206*. 

(Ijliiuthrix 206*, pedi- 
] ( ellariao of 190. 

[ Opliiothyreus 205. 

Opliiotoma 206*. 

Opbiotreina 208*. 

Opiuot ri>‘lini(le.'< 208*. 

(>phiotroehiis 206. 

Ophiotyta 205. 

Opliiozuna 205. 

Opiuura 205. 

< t|1uarac 205 

OpJuurids development 
151. 

Opliiurinidae 200*. 

(>p|jiui<ad(M 194, nutu* 

her of artiiM, integu¬ 
ment 191, skeleton 
195, spiri'^.s 100, mouth 
ariiialure 197, .‘^kcle* 
toil of disc I9H, apical 
Kystcin 199, alimen¬ 
tary eutml, nervous 
HVStein 199, perivisce¬ 
ral cavity 2tK), Nvnter- 
vaHcular aystcrti 201» 
ax ■lil ori-aM ix-rl- 

hnenuil KynUtii 202, 
vaHciib>r tis-iuc ami 
gonads, regeticrutiun 
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and fiarioo 208, Ur* 
▼ae 204, halrita and 
goolof^ic^ biatory 
204, claMfieation 20.'>. 
OphtlialmopaebcB 406*. 
OfiilioacartM 846>. 
Opilioaidac 8S7. 

Oi>M 501K 

OpiflUiAcanUina 806*. 
Opisthogooeata 578. 
Oputhopatoa 67S. 
Opistbophtfaalmua 806*. 
Opiathoaoma 775. 

Oral papillaa Ofduurida 

IW. 

Oral platea Eohinoderma 
12J. 

Oral akclotoQ Opbiurida 
100 . 

Oral fyatem of plates 
Ktthinodornu 121. 

Ora) ttiho feet Echinoids 

2.13. 

Oral valves Holothu* 

riiina 251. 

Orala ('rinotds 279. 
Ornn'{c-tips (butterflies) 
713. 

Oriiitiil grooves 517. 
nrliitromitca 812. 
OrrlioRtia 502'. gills of, 
gonuia of 498. 
Ori'liCMtina 821*. 

On uU 268*. 

Oroctochiliia 727‘. 
Oroophoni* 644'. 

Orgylii 718'. 

Orihata 848'. 

(Iricntati »n ('rinoids 271. 

< irilhyia 544*. 
<)nu‘<Mlidao 720*. 
Ornithodoro* 849'. 
OrnitliopUTa 713*. 
OroP.ia 670*. 
OropluM-riniis 818. 
Orplionta 681*. 
Orphnoous 602'. 
OrplinephiU 746'. 
OrplinnrgitM 267', stonc- 
canal i&A. 

Omulobus 821*. 

OrUluloo 760* 
OrtluK'idaris 289*. 
()rtiioln|»hiu 241*. 
Ortho|iais 241*. 
Orilioptcrs 004, mimi¬ 
cry tn.i, 

Oiya 60 2. 

Oryasus 767. 


OsochiU 644*. 

Os^inis 750>. 

Osmia 764*. 768. 

Osmylus 704*. 

Ostrocoda 882, appen* 
doges 383, nervooa 
system, sense organs, 
gut 380, development 
388, habits, fossils, 
affinities 380, sperma* 
tozoo, 388. yascQ- 
lar system, respira¬ 
tion, excretimi, go¬ 
nads 387. 

Othnius 784*. 

Otiocenis 697*. 

Otocysts Amphipoda 
490, cerebral of Am- 
phipods 602*, Arth- 
ropoda337, and func¬ 
tion of in Crus¬ 
tacea 350, Echino- 
derms 120, Holothu- 
rions 256, Isopoda 
482, Schizopods 467, 
Tanaidocca 478. 

Otodectes 852'. 

Otostigmus 602*, stig¬ 
mata 599. 

Oiirozouktcs 489*. 

Ova Balonoglossida 95, 
Elchinodcrms 134. 

Ovigerous frenum Le- 
pas 421. 

Ovipositor 023. 

Ovoid gland 130, 

0x118 851 >. 

Oxybclus 769‘. 

Oxycephalus 602*, oto- 
Bocs 496. 

Oxycornia 88. 

Oxycthira 707*. 

Oxybaloa 668'. 

Oxynaspis 423*. 

Oxyopos 886‘. 

Oxypirurites 855*. 

OxyptiluB 720'. 

Oxyrhyncho 544* 

Oxystomato 644. 

Oyster-shell scale 701*. 

Pacliycheles 642*. 

Paehygnatha 823*. 

Pachygrnpsiis. effect of 
pamsites on 446, para¬ 
site of 401 >. 

Pachyitiliis 693*. 

Pochylnena 27*. 

PachylosoiA 425*. 


Paohyliohns 864*. 
Pachylomerus 8191 
Paobypaylla 696*. 
Pachysoma 467*. 
Paohyatylis 476. 
PaohytyluB 671*, 972*. 
Paonua 828*. 
Paedogenesii u40, 742*. 
Paelopatides 267*. 
Pagida 824*. 

Pagurids, parasite an 
491*. 

Paguriates 640*. 

Pagurua 640', kidney ot 
624*. 

Palaooster 188. 
Palaoechinoidea'288. 
Polooeohinus 289*. 
Paloegyge 491*. 
PalaeinachuB 859*. 
PolaemoQ 583*, colour 
change 444, eye of 
329, 330, otooyat of 
350, xooea 451. 
Palocmonella 688*. 
Polaemonetes larvae 
449, sooea 461. 
PaUemontes 688*. 
Polaeobrissus 246*. 
Palaeocaris 358* 402, 
463 

Palaeocoma 188. 
Palacocorystes 859*. 
Palaeocrangon 858*. 
Polaeocrinoids 200. 
Paloeodiscus 188. 
Palaeodiacus 239'. 
Palaeomicra 721*. 


Palacopalaomon 858*. 
Paloeophiura 205. 
Poloeopblebia 688*. 
Palaeophonus 806'. 
Paloeopnoustca 246*. 
Palaeostoma 347. 
Palaeotropus 247. 
Palasanea 810. 
Palosterina 188. 

Palicus 648'. 

Palinosit\is 685*. 
Palinurollus 636*. 
Polinurua 686*. gills <4 
618*, larvae 461. 
Paliosea 601*. 

Pnllone 784. 

Palmipes 191*. rays oi 
167. form of body 168. 
Pnlporos 70S'. 
Palpigradi 827. 
Palpimonus 822*. 
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Puliuitra 714*. 

Pamnhaginiio OT2. 
Panonktnk WT 

p»adaloi*is W8*. 

Paodalna 68S'. giU* 

6W*. 

Pandoras 408*. 

Pandinus 808*. 
panesthlo 608*. 
PangooUTOT*. 

Panwous 700, micropylo 
G40. 

pooisua 861*. 

Pannycbio 887*. 
PaDonomopo 828*. 
Paoorpo 705, 706. 
Panorjiidivo 705. 
paotopoda 781. 

Panulfrus 685*. 

Papilio 718* 

Papiriim 667. 

Papulae 179. 
Porabrnnohial rUlgoo 78. 
Parabutbua 806*. 
Pumcalaaua 400. 
Parncontrotu* 242*. 
Porocrangon 634*. 
Paractlno|H>dft 268. 
PoraoyloU 644*. 
Pornrypris 891. 
Paracytbcrc 882. 
Porocythoridoo 891. 
Parocythcroia 892. 
ParadioetylU 
paradoxeebinus 241 . 
Paradoxostoma 892, 

mandibles 384. 
Parogaleodc* 832. 
Paraeia 767. 

Paroglosaa 010, of Syjn* 
phyla 005. 
ParaBonMter Iw • 

Paranormetica 668 . 

Paralaniprop* 476 

FaraUthodos 641*. 
paralomis 641*. 
Paralyoaea 602*. 
Paramblyoos 471 . 
P^fMnoljpila 80 • 

Paramphlora M6*. 

ParamuzuiA 688 • 
Pannya^ 4T1** 
pJ^Wi* 469*, «*o- 
podito408. 
PaMDspl*>^F* 680*. 

Paraoraroptera 888 

p4f4Athiira 482# 488 ♦ 

parao*yp«os «»• 

Parapagarus flO*. 


Panpaaiph*4 681* 


Parap«ip*t<** 678. 
Parapetiuu* 407*. 
Paraphrooinia 608*. 

Paraphytopt'i* 866*. 

parapodi* <rf Symphyla 

605. 

Paraproooe 6<^. 

Panip*^dca 479. 
Pararohastar 189*. 
Pararge 718*. 

Parasaleoia 242 . 
Paratoelus 602*. 
Paraacidia 84*. 

Parasite Balanoglossida 

101, effect on repro¬ 
ductive syatem 445. 
Holothurians 203. 
porosiUoa 768. ^ 

ParASOlenocera 629 , 
paraatactiB 686*. 
ParatelphuflA 648*. 
Paratropifl 819. 
Porotymolufl 646*. 
Paratyphi* 502*. 
Paraietea 784. 

Pardabsca 601*. 

Pardoeo 826*. 

Porochinu* 242*. pedi- 
ccllorioe 225. 
Parclpidia 287*. etono- 
canal 254. 
Parerythrop* 471*. 
Pariboea 784. 

ParnoaBiu* 718*. 
Paroopes 702. 

Parau* 781*. 

PortbenogenesiB Arth* 

rop^ 339. Branobio- 
poda 373. cMiw 
374, ClAdoccrs 380, 
Hymonoptcra 755, 
Iruects 640, O*tracod* 
388. 

Partbeoopo 646*. 
Paribeoopea 488*. 
Partoonia 860*. 
Pasipbsea 581*. 
Pasithoe 784. 

Paasalldae 724*. 
paMaloeou* 769*. 
^ataffU 613, 700*. 

_ 297. 

Patiria 191*. 
PaolialOl*. 

Paorapoda 660, a ffln l 
Uw 662. 

Paoropos 60& 


Pauaao* 727*. 

Paxiili 172. 

Poctinaster 189*. 

Pectines 801. 
Poctini-rhomb* 307. 
Pectinura 205. 
Podkellarioe 173, Echi- 
Dodennata 121, Echi- 
noids 221, function 
224, Ophiurida 190, 
•essile 173, stalked, 
forffeiform forcipi- 
form 174, forcipate. 
valvulate, alveolate 
174. 

Podicellaster 192*. 
Pedicinu* 662. 

Pediculua 662. 

Pedina 241*. 

Pedinopeis 241*. 
Pcdipalpi 807. 
Pedunculata 423. 

Pegea 54. 

Pelanochioua 240*. 
Polagothuria 268‘, body 
form 240, tube-feet 
260, habits 262. stone 
canal 263, 254. 
Pclecinu* 761. 
Pell-beetles 731*. 
Pelmatozoa 303. 

PelobiuB 726*. 

Pclochoria 694*. 
Pclogonua 094*. 

Pelonaia 29*. 

PelopoeuB 768. 

Pclope 848*. 

Pcltastos 240*. 
Pcltoaticta 781*. 
Peltidium 406*. 
Peltocoxa 601*. 
Poltogaater 483*. para- 
site on 490*. 
Pemphigus 690*. 
Pompbredon 769*. 
Ponaeopais 620*. 
Penaeua 629*. gUls of 
617, 618*. larvae 449, 


461, 628. 

Peolagone 267*. body- 
form 249, stoao canal 


1 


264. 

peoioulua 400*. 

PeoiUa 881 *. 

Pannella 409*. 
Peotaeeropeia 190*. 
PeoUocso* 100*. fonn of 
body 108, stole oaoal 

188. 
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Ppntocbelea 634>. 
PentAcrinoid larva Cri- 
noids 159. 

PentacrinuB 159. 271. 
300, 301*, apical 

nerves 284, attach¬ 
ment 200, body-form 
271, stem 282. 
Pentactaea 166. 
Pentaconoster 190*. 
Pentastomida 859. 
Pentoatomum 800, 883. 
Pentatoma 760*. 
Pentatomidao 692*. 
PentromiteB 311, 312, 
313. 

Pephredo 784. 

Pe[.sifl 768. 

Pora 30‘. 

Pcracarifla 3.50*, 455*. 
PiTuiopf)drt 522*. 
PiTcnnichortlata 60. 
r.-rilioloster 192*. 
rcriltrani'liial j'roovo 7. 
P<Tic arflium Ilaluuo- 
Kt;. 

Periccra 548*. 

T’ericoma 746*. 
lVrir^<,ps 321*. 

Ptriu'ii.vtlii. cinllc 228. 
l’<'rf!i!U-in;.l t*p,ur.-i IJa- 
I K‘). Afl. 

i ruidf 170. ( rinoitl.H 
»hin<jdvmiAl2s, 
H<'lf)(huriann 2 *> 0 . 
di \ »-l(»pnu-nt in Ki-lii- 
iwr.Krnia 1-15. Krl-j- 
noiiU 2.31. Ophiurids 
-02. 

IVrinf'ii.Mcliu 673*. 

I'- Ti...'pliagcal Finns 
2liO, 

rcripatoido.<f 573. 
Peripatopsis 673. 
IVripatu».'-,5]. 673. h«-ad 

Hiicl Homjtcs .321. 3 :ir, 

ryes 328. ainn.tks 
6i>l. papiUtie 535. ap. , 
pondages 654. eoxal 
organs, aliino glands. i 
' salivary glAmls 556. ( 
nersous Hystem 557. • 
eyes 5.59, akin 650. | 
tracheae fiOO, ■ ra.4- 
cular ayotem .661, 
body^'4av»ty 661, do- 
phfidM*lCe». orurol 

664, habita 666, hr^ed- ' 


ing^67, dovclo} ment 
569, distribution 573. 
Periphar^gcal band, 6. 
Periphai^geal pervi- 
tieoiBolanoglossida 87, 
89. *• 

Periplaneta 607*. 667*. 
Pcripneustic 741, 
Periproct Echinoids 
210 . .♦ 

Pcrlschodomus 239*. 
Periscypbis 487. 
Pcri.ssopua 408*. 
Peri.stomial plates Ec hi- 
iioida 209. 

Perivisceral cavity 
Echinodorms 127. 
Pdricnoiiter 192*. 

Perla 075, 076. 677*. 
Perlamorpha 670*. 
Perlaria 675*. 

Pcro<lcriTm 409*. 

Perinea 720-*. 

PiTonia 241 *. 

Perophora 38*. 

Perophnra 714*. 
Perophora banyulensis 
10 . 

Perophoropsis 38*. 
j Petalidium 529*. 

: J'ctaloid 213. 
j Potaloniera 643. 

I Petalopluh.»limi.« 472. 
Petalu.sarsia 477. 

Petasma 527. 

P. t.-inura 529*. 
i P' tinl.ua 768 
Pitrallus 841. 

Pctr;mM 436. 

Petrocliirin 540*. 
Pttroli.sihc.s 542*. 

PeiKctia 826*. 
l'hae;Iru 601 *. 

Plinenna 406*. 

Phacn.is, hi«ina 313, 
Pbalacridoo 729*. 
Phalacro«-era 740*. 
Plialani:idoa 837. 
l*hal;te«gium 837, R38 
830. SJO. 84 1. 842*.’ 
lMialangode.s 842 
riudcc.s 670*. 

Phallus,a. 27*. develop, 
moat ..f 2 , 1 . 

nullafa 4. 7. p.ll »lifs 
of K). 

Phanrrgptera 673*. 
Phancrozonia 189. 
Phanodcmia 784 


Phantasi.s 670*. 

Pharia 191*. 
Pharyngodietyon 34*, 
pharynx of, 11, 
Phariiix of Tunicata, 
5. 10. 

Phasgoniiridca 672* 
Phn.sma 670*. 
Phasmodos 673*. 
Phntaria 191*. 

Pheuax 697*. 

Pherusa 501*. 
Phialoerinua 295. 

Phil. Trans. “ Philo.so- 
phic.alTnuisactious of 
the Royal Society of 
London. 

Philaeiius 697*. 

Philacu.s 8J3. 

I Pliilanthus 769*. 
I’hilidifhys 408*. uniier 
lip 396. 

Pliilodronnis 824*. 
Philomcdcs 390*. 
j Plnlonicii.s 529*. 
Pliilo|»otainus 707*. 
Philoscia 487. 

Philyra 544*. 

PhimcMTinus 293*. 
Phlchotomus 745*. 

' Phli;i.s 500*. 

I’hlocotlirips 690*. 
Phloffiud 819. 

Phoborus 536*. 

Pholcomma 823*. 

Pholcu.s 822*. 

Pholidastcr 191 *. 
Phonjrx'ercu.x 807. 
Phonognatha 823*. 
Phoreus 502*. 

PliMrida,' 748*. 
Pli'jrrnnsoiTia 240*. 
Phurodcsma 719*. 
PJior'Hlon 699* 

Phoronoidia 823*. 

Phoronia relation to 
Entcropnenata lit. 
Phofozooitls DoJiolum 
59. 

Phosphorcsccnco 300', 
of Chilopoda 697,. 
Copei'o<la 397, Pyro- 
soma 39, Tunic,ita 14. 
Phnajihorc.seont organs 
Insccta 629, Schi- 
zopods 467. 

Photis 501*. 

Phoxoster 189*. 
Phoxiebilidium 784L 
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Phozichilus 784. 

Fhozus 501^. 
Phreatoicidea 488*. 
Phreatcicuii 488*. 
Phrixura 381 *. 

Pbroaima 487, 493, 49j3, 
503*. 

Phronimella 503*. 
Phronimopsis 503*. 
Pbrosina M3'. 

Phryganea 706, 707*. 
Phrynarachnc 824*. 
Phrynichua 810*. 

Phrynua 809. 

Phryxus 491*. 
PlithirocaniA 848*. 
Phthirius 661, 862. 
Phycodromidae 750*. 
Phye68I». 

Phyllaranthua 239*. 
PhyUium660.670*.670*. 
Phyllobranchiaff 519*. 
PliyllocopCca 855*. 
Phylloerinua 301*. 
Phyllodes 210. 
Pbyllodromia 667*, em¬ 
bryo 640, 047. 
PhyUoduruB 491*. 
PhylloUlhodcs 541*. 
Pbylloinorpha €92*. 
PhyUopliorua 268*. 200, 
ovi posiliuD aad Urvu 
264. 

PliyllophoriiB 408'. 

Ph . llop'jda 375, leg of 
.70. 

i'hyUopiiB 405*. 
PhylloAoma DS.O*, larva 
450, 

Phylloxera 699',*. 
PhymatA 693'. 
Phymechiniis 241*. 
Physiola 824>. 
Physopoda 689. 
PhytophagH 784*. 
Phytoptua 863. 

Picrella 712*. 

PicrU 718'. 

Pioraigia 850*. 

Pigment movement of 
in compound cyon 

PUumDUB 548*. 

Piima» Decapod para* 
0 ite of 533^ 

Pinnizia 547*. 
PioDOtborea 547^ gilbi 
of 618^ 


Pinnule 270, Crinoida 
278. 

Fiona 85! n 

Pionacercus 851 ^ 
Pionop^^ia 850*. 

Piopliila 7B0^ * 

PipUDCulus 749*. 
Pirimola 548 ^ 

Piroaoma h4U^ 

Pna 646>. 

Pisaura 825^. 820, 
PiHixTinus 293'. 

Pison 769'. 

Pitbopus 603*. 

Placenta of tSulpida 50. 
Plncctron 541 *. 
Plaroili.uloma 241', 
Plft^ostctlu 842. 

Plana 668'. 

Plijuifeniua 701 *. 

Plant-lice O00» 008'. 
Planndt« 670^. 

Pla.slrun Sputangoiai 
210 . 

PlatastcriiiH 189^ 
pl iior 824^ 
Platyafat'hnc 824". 
PlatyarHini^ 487. 

PlalN * I ^ • 470- 
Plalylani.i 533'. 
i1ut> bK-MiniUK 075*. 
platybrisHii^ 240-. 
PlatybanuH 842*. 

Pialyt bcluH 784. 
Platycinaiia 749'. 
Platycrinuft 298'. 
Platycuina eoilc<l gut of 
351. alimentary canal 
475. 

Pliityoyannrf* 504^. 

Platy<l<''''nu« 594'. 
Plutycllis 673^ 
Platvg^wt4*r 750, 760% 
Platylepa.H 425*. 
Plaiyrnaiu 545^. 

Plat^'merii 544*. 
Plfitynniclnij^ 648r 
Platypeza 749'. 
Platvi>«ylJu« 727*. 
Platyplilni 720'. 
PltttyrliivOus 594*. 

PhityrhinUH 735*. 
Plalyttet'lua 502*. 
Platyfltoniidao 760*. 

Platytca 720*. 

Pliityihomiaurt 824^ 

Plea 695'. 

Plc^iopUTu 676*. 
Plectufit^r 192*. 


Plfctoptcra 687*. 
Plwtreiiry’s 821 
Plcopod 347. 

Plcopoda 441. 
Plesianthu?^ 244*. 
IMe^ia^^pataiiCiiiac 
Pleural fold C I t: 
P]eurt>.hutua 241**. 
Plcnria ‘ . 
Plourebnvhutn 61- 
PJeuro^TVpla 491-. 
Pleuro liadfjn.k 241 . 

Plour^»;’oniirn 48$*. 
Plenruinin-i 4Ub‘. 
PK'uron of Ihicv't 
(il7. 

PK'uront'od*'^ 542*. 

Plenfom'Cl idac p ira- 
>ite of H>7*. 
pl*'Mr«*-* y.-UH 309. 

10riiro,stn;m.v 602. 

PU uro.Mis 381 
PlinjH(e< 501 
Pli'* i’ niuH 301 
!0| toph) Mi l 241*. 

Piu.sia 042. 

Phil.us 137, 130. 
Pliilona.''Ur 189*. 

JMiUoniuni 602'. 

uinora 672'. 

)‘.M h.i/ni 697'. 
l^odaliriu?^ 504*. 
PtxJfuscon 490'. 

PixliiaUTiiia 192^. 
I\Klobran<*liia .MH. 

Podtxero}>'^i.H 500' 
INMliH-rriiH 500% 

Pud*K I larin 241", 

1*« #c lu' liiVcMn 38'. 

PixliH upa 391. 

I’lxlo^ona 836. 

I'odolubi.H 408'. 

PiKlon 381'. 

halrnata dOO*. 

x|m plillialiiMiH 548' 
Po<J»>p:^i?« 471 
pixlnia 867, liabitJi 1550. 
1 Nm*< dlrwina 423*. 

Po<^ ibn'empa 717*. 

Pt»CH‘ ilo aiviuH 694'% 
J^M.xaln(lu*ria 819. 

Polian vesicles Ante- 
roids 185, l*>hiQ- 
iMlerniA 120, Holo- 
tliurian 2i>3> Ophia- 
rid.i 201. 

PoliHtcH 738, 767. 

PolU< i]x*didao rostrum 
of 410. 
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Pollioipca 428*» fertiU*- 
Ation cf 422, foaail 
858. 

Poi^ 8»4>. 

PolvartemiA 878^ lag of 


Polyastariaa IML 
P^faioa 6M>. 
Fofyoarpa 89*, taai of 26. 
Poiyohelea 891*. 
Polyehelaa 684*. 
PolyoheriA 601*. 
Polyclinldaa, 


PolTclinoides 84*. 
PolycUnophilaa 408*. 
Poljolinopaia 84*. 
Polyclinnm 84*. 
Polyoopa 890*. 
PoljcopaU 890*. 
Polyotanea 094*. 
Polyoyolos S*. 
Polyoyphna 841 >, 
Polydeemua 584, 694*. 
larva 600. 

Polyembryony 840, 643, 
760, Insaote 641. 
Polyargua 778*. 
Polygnotoa, ambryonio 
fiWoa 642. 
Polymorpha 787. 
Polyommattts 718*. 
Polyonyx 648*. 
Polypeltaa 807. 
Polyi^tamaa 881*. aper- 
matoxoa of 854, W. 
PolyatyaU 87*. 
Polyiyncratop 88*. 
Polyxenna 501,. 89& 
length 568. 
Polysonjum 694*. 
Potyxoataaia 607*. 


PoreeDana 648*, par»> 
alia of 491*, paraidta 
on 491*. 

Porcallanaatar 199*. 

Poccallidiinn 409*. 

PoroeUio 488, 467. 

Pora area and faaoiaa 
215. 

Pora-rhomfaa 807, CU' 
noida 307. 

Porocaphaloa 859, 808i. 

Porooi< 

Poroorinoa 896*, pore- 
rhomba 809. 

Porphyrophcnra 701*. 

Porrhopia 694*. 

Porthesia 718*. 

Porthetria 718*. 

Portamnoa 640*. 

Portnnicapon 40t*. 

Portonioo 400^ 401*. 

Portnnoa 646*. 

Poatarior ooalom Sohi* 
noderma 144. 

PoataonteUnm 618. 

Potamobia 696*. 

Potamon 646*. 

Poterioorinna 896^ oalyx 
276. 

Poutaleaia 246.847. 

Praaaontom 618. 

Prawn 520*. 633* 

Praying-lnaaota 668*. 

PreanUamao 380^ of In* 
aeota 321. 

Prebranohial sona 0^ 7. 

Preobelioaraa of Araoh* 
nida 775. 



y ^ *1 « 1 1 

a »j > > T * »*» 


j • >1 1 




a t nT 




a t * >7 t ^ 

1 


1 


r 1' 1 k 4T«V»' 


1 ^ a 

0 w v*2*' ^ 


ftoboa ei a organ 90^ aep* 
tarn 81, poff«a BaJano- 
giooakla ^ ahairton 
85^ TBotnl caaenm 
88, eantral eoaaplex 
84 

nroboda of DoUotum 67. 


808. I Prooeaaionary • moth 


ProototiTpidaa 7601 
Prodidomoa 888*. 
Progoneata 078. 

hfnna 811*. 


Promeaoatamita 787 
Promatabola 040i 
PromiiMBta 716*. 


Prtmnba 780*, TIL 
ftopoatira 888*. 
Aroaalpia 848*. 
P roaeor fd oa 804 
Proaoma 774 Lapoi 


Froaopiatoma 688. 


ProtaIU804*. 
Pro t ao l apaa 488. 
P rotarhimia 788*. 
Prothoras 611. 
Proto 604*. 
ftoiobalanna 168*. 
Protofalaakddaa 811. 
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Protzia 651 ^ 
Provcntrifulus 025. 
Pnalidopiis 6S2'. 

Psalis 666-, 

pHammnpiliitiiim 34 ^ 

I’.sa nun echinus 242^. 

P«athyrocari« 531*. 
P.sefhrus 820*. 

PHCotra 704*. 
pHolapJiidao 728*. 
Psclaplio^natha 591. 
Psen 769*. 

Psrphcnu.s 731’. 
l’8uu(laroluiHl<*r 189*. 
PscucJarinadiUo 487. 
Psj'udaatcr t89f 
P«t*udoehinuH 242 
pHiMidione 491*. 
P>*ctidul>olrtia 242*. 
Pvoiidoi'AiaiiUH 405V 
pNciidcx'cnlrdtii.’i 242*. 
iVcudoelooln^ 833. 
Pj^cudcx'oryMtfs 549. 
P«eudotTypli>)ks 603* 
Pscnrlocuoiimi.s 268*. 
pMMid^Kriima 477. 
P^cudo<‘yrnUH 408*. 
IVcMidrx'ylhcrc 392 
pHciiflnflia»lylis 476. 
t^rudcxlidcrnniuii 30*. 
IVa'iidojloinrriK 888' 
l^oiidohar pax 669’ 
PiHcudr^InxfxMUM'h.i 301 
PsjMidnlvrno.x 502 
iVrudnitMiUin 669 V 
fNi-iuiomma 471*. 
pMMid(»rnyrtnii 772*. 
IVcudophilonu'dcs 390 \ 
pH(*u<lr>|(hyilinar 073V 
pHeu(JopjKl?i 741. 
P8c*iid<i»corpioiti<lji 833. 
pHourlnjiperrh<*n 850*. 
pACudfioquillu 511. 
Pftciidc^tirliopuii 266*. 
Hkin 203. 

IVeiidfistiKmatic orpntis 
H40. 

l*noud<»thyaM 850*. 
PaeiidovalcA 669V 
PseudoziuA 548V 
l^HCudiiluH 409V 
J'Mia 760V 
PmUiHtvr 189V 
pHilodor<’ew 821V 
Psilura 718V 
Psiiliyrus 766. 
f^ocidM 677 V 
Psocoptera 677*. 
pKocus 077» 678* 

Z—111 


I 

i 

4 

I 

4 

I 

I 


I 


I 


Pxolidium 269V ^jolc of 
24U. 

pynluH 269V ov I position 
2*>4, aolo of 240. 
Pfioraluos 852’ 
PHi>ro[>hora 744V 
P^oropto.s 852V 
P.^Vflu' 716*. 

P.^yi h<ali(lae 745V 
Pnyv 267*. fKidv 

form2l0,irrnit.ilo|H*n- 

in*r 2ii2. stonoaainal 
2'>4. 

PsVC*liHKstreplies 267V 
p.jllii 698'. 

PicTallo[)U*'< 852^. 

Ptcr.'uJtc r 192*. f'»rni »f 

laxly I0M. 
iMvrcKMiris 533V 
P<cr<K*l»r<>7.:i-673V 

pMTcu uina 477. 
Pic'TcmJo'I^'s 852*. 
|0^*foh<4lu^ 852" 
PNTonap 677 V 
pivronv852* 

(N854' 
|M<*foplmruH 720*. 

I'1 er»q»tu.^ 848* 

IMc'fo^^ 1* Imm 726*. • n I 
«»f hixlv 022. 

pirn^sfofu.i 715* 
p<I f.ithy.-^aPMis 718*. 

I *tcT\ l***'^*|Ul tl I 511 
1V< rs yoHlcunial *»! I 
l0<*rs 798, 
iMrl.infO'ira 488V 


iliipum 7.30. 
itonaster 205. 
ilophora 715*. 
iriidac* 731 

vcdiodrra 72. 71. 
;7, 1M). 102. nrariit 

•anal 72. nvrw r^ ots 

i3, |irc>la>j^i< pores 
<1. ventfpd cMHul *.f 
[iroboHc iu Hi, fxTipha- 
rHVitio^i 87. 

llUl^clcH (K). VKseulnr 
«V>lein 02, O.i. 
M>n(ids04» 0.5. ova 05, 


i /\ I 


lOyfinn 697*. 

Pii>'rt (moths) 718^. 

Puh X 602. 663. 
pallea 854^. 


Pulincmiiry stws scor- 


pious 804. 

PuSvilluB Oil. 740, of 
Pedipalpi 808. 


Pupa of (/honiosU>ma« 
tidae 410 , of Cirripc. 
dia 410 , Insccta 039 , 
libera coarctata, oh 
tec ta 051 . 

Pupal stajTc of Holothu* 
rians 138 . 

Puparium 741 . 
i I'upjpara 752 V 
Puss.moth 715 *. 
j JS'cnoc lavolla 38 V 
' Pyonn^ronida 781 . 

; Pv**iM>uonuni 784 . 
i Pyc'iu^podia 192 V 
1 I'vtf.lifter 243*, bn.sals 
* 219 . 

Pyya^tridfH 243 V 
pygaiiluA 245 *. 

Pv^idium Trilubita 362 . 
Pyj^cK'vplialuH 359^. 
Pytf<Kdiurd lialauoglus* 

I Hida 79. 

‘ Pycunis 245 *. 

PvhK helcH 639 V 
P> lore* iflaiul of Toni' 

I rata 14. 

Pvh>ri<‘ sac Asteroids 170 . 

Pvnienits 712 ^. 

Pvrails 720 *. 
fSr.uista 720 *. 
Pvn*iopl»ortjs 745 V 
: Pv rijamu 425 *. 

Pvr^^Mii^uitis 669 *. 
PcTt'ornoridiu 672 *. 
Pvrina 245 V 
Pynujs 822 *. 

Pvrcs’liroa 734 *. 

Pvr^s'N pri« 390 *. 
PvnqdionM 782 ^. phos- 
plinrc'si oiice 029 . 
l>vroH<ima, epunniium 
id 15 , ab.ior e of f.nd« 
pf*lc' larva 19 . 40 . 
«li*vr|opniont 41 . 42 , 
liiiddifig 43 . 
PvrrochoriH 692 ’. 

Pytho 734 V 
Pylliona.sl 4 *r 192 *. 

y..l.M.S. - Quarterly 
Juiariial cif Micru* 
HTiipjc ul Sedence. 
Qiiadrella 548 V 
Quartftxil 278 . 
Qiiartibracdi 27 H. 

r. -roc'cnt. 

iia<*emOHC or^^an Balano* 
gloHsida h1« 

:5 ,M 
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BadUl platee £cluno« 
derins 121. 

Radiftlfl CriDoids 275. 

Rudinnal 276, 277. 

Radii Ek^hinoderms 117. 

Raeciiis 820^. 

Rams-hurns 82.5. 

RaQotra 684*, 095. 

Ranina 644*. 

Raninoido^ 644*. 

RasahuH 603*. 

Rebihis 822>. 

Reccptaculum ovoruni 
Peripatua 565. 

Roceptaculum eominis 
Peripatus 566. 

Red-spider 850*. 

RedoTiue 608*. 

Red-water fever 850'. 

Regeneration Arthro- 
poda, 341, Asteroids 
187, Balanogtoasida 
100, Orinoids 280, 
Eohinoderms 133, 
Echinoids 234, Holo- 
thurians 263, Ophiu- 
rids 203. 

Rogularia 200. 

lU-igbardia 859, 863. 

Remipee 642*. 

Renal organs of Tuiii- 
cats 17. 

Rcnocila 489*. 

Reproductive organs of 
Tunic-ata 17. 

Respiratory organs Ar¬ 
thropods 338. 

Respiratory trees 258. 

Retaster 192*. 

Rete mirabilc Holo- 
thurians 261. 

Reteocrinus 296*, 301*. 

Reticularia 171. 

Retinacula of Sacculina 
432. 

Retinaculum 016, 700, 
Nebalis 458. 

Retinula 330. 

Retropharj'ngeal band 
9. 

Rhabdocynthia 29*. 

Rhabdom 331. 

Rhabdomere 331. 

Rhabdopieiira 60. 07. 

100 . 

Rhabdosoma 400, 602*. 

Rhaohicerus 746*. 

Rhaoodia 780*. 

Rbagodee 8^ 


I Rhagovelin 693*. 

' Rhaphidia702'. 
Rhaphidopiis 642*. 
Rhaphignathus 850*. 
i Rhaphiorhynchus 747'. 
' Rhegastcr 101*. 

Rhincainnus 404. 

I Rhtnohrissus 246*. 

RhiiKK-ricus 693*, length 

i riH.i. 

I Rbinolithodcs 541*. 

[ Rhipiccphnliis 850'. 

I Rhipicera 782*. 

. Rhipidaster 192'- 
Rinpidocrinus 296*. 
Rhipidotburia 267*. 
Rhipiphoridae 784*. 
Rhipipteryx 674*. 
Khizocephalik 428. iiho 
of the iiuine 433. 
Rhizoi-rinus 200, 800', 
apical nervous system 
283. number of ra4ljt 
280. attachment 280r 
orals 280. stem 282, 
waterpore 118, 287. 
j Rhizoglyphus 864*. 
Rhizotrogus 747*, ovary 
638. 

Rlu>!ar)n 720'. 

Rhode 821*. 

Rhodiles 758. 
Rhodocriuus 296*. 
Uhudosonia 27'. 
Rhoechiniis 239*. 
Rhombifera 809. 
Rbombognathus 861*. 
Rhomphaea 823'. 
Rhopaloea 39*. 
Rhopalocera 711. 
Rhopalodina 269', form 
of body 249. 
Rhopalomeridne 760*. 
Rhopalopsis 89'. 
Rhopaloeoma 768. 
Rhyacophila 707*. 
Rhyacophylax 707*. 
Rhychocinetee 683*. 
Rhygehium 766. 
Rhynchitee 786*. 
Rbynebophora 736*. 
Rh3mchop0ylla 664. 
Rhynchopyffus 245*. 
Rhynchota *000. 
Rhynchothorax 784. 
j Rbyparobia 667*. 
Rhyphus 746*. 

Rhysida 603*. 
Rbysodidao 720*. 


Rhyssa 760. 

Right hydrocool 144, 
Asteroids 184. 

' Rivoltasin 864*. 
Robber-flics 748'. 
Rocinela 489*. 
Rock-Lolwter 53"»*. 
Konciis 836. 

Rose Kawtiy, gnll-lly, 

I 7o8. 

i Rose-clsafcr 725*. 

' U<i«icttc-pli»»e 276. 

• Ri>struiu of C'irri|H;dc3 
419. 

' Rotula 244*. 

Rotuloidea 248*. 
Rovo-bcetles 72>'’. 

I Ruby wasp 7i'»l. 

I Runa 243*. 

I Rust of carrnis 75<i*. 

Rutilia 761*. 

S. Am. South Anicii< I. 
Sabnron 842^. 
SabclInclu'rcH 408*. 
Snhinca 834^. 

Sao of S<‘uralifieid'»r 
I« . 

SaccfK'niuji 300*. 

' Stwciili 288. 

Saceidina 433*. larvae 
and lifc-histor.v '»f 
421*. jMirnsito on 490-. 
SaerctI ncetlc 725*. 
Snginoe 673*. 

Saldn 694*. 

Salenin 240*. 
Salcniidne.Jipieid system 
210 . 

Sulmacis 241*. 

I Salmaco|v<iH 241*. 

Salpa 46. 47. 53. 

Salpidn 45, dovelopntrnt 
of 50, gemmation of 
52. 

8sI|k, development of 
19. 

Saltatoria 670*. 
Saltemster 188. 

Salticus 826*. 

Sand canal 120. 

I iSandhoppers 496', 
8and-midgo 746'. 
Saperda 736*. 

Sapphirina 407', ninhw 
399. 

Sap]>hirineUa 407’. 
Saproglyphus 854*. 
Ssproinyzidae 760*. 
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Sapyga 768. 

Suras 811. 
Snrrobotrvlloidc-s 
32^ 

•Snrco<iidcmnoi<le8 36*. 
SuR'ophaga 751". 
Siin*0|>MyMu 683. 
SarooptrH 852*. 

SargMs, uat^^nna 61K. 
Saron 533^. 

Surononiii.s 833. 
XaiTotliri|iu8 718*. 
Sareielln 390*. 

Sjiaon 819. 

Suturnia 714^ 

SntyruH 712*. 

Suvaglia 434. 

Suw^HicH 75K. 

Sea led nsec 7<M*. 

Scales 173. 

•SiNilpelhiin 424*'« iliiiior* 
()hism of 422. fossil 
358. 

Sca|>e 731i. 

S<‘Rphidiiim 728*. 
S<‘a[>hi<'Ha 821*. 
Scai>hi<x’riuus 265. 
S<‘aphorerito 521. 
Sruphognathitu 43H, 
5I!I, 52 

Sra |iholcbcri« 381* 
S<*aptogiiatlui>< 861*. 
.SrurnboroK 725*. 

S^farilta 720*. 
S<*atomyti(lnc 750. 
S<*atophugi<lac 760. 
St'jitoiMO 746*. 

Scoliroena 672*. 
Scunopinidae 747*. 
Schistocerca 672*. 
Nihiuster 224. 248*. 

siphon 230. 

Scbisooardium 7N. 103*» 
chondroid tissue H6, 
gonads 04. liver of 
74. 19 , nervo cord 72. 
notochord 16 , |»cri* 
rarclium 87. peripha-^ 
ryngeal cavities H7. 
Schisocurpus 662*. 
Nelii^odociylus 878*. 
Schizoneura 60H*. 699*. 
K^'hizonotui 810*. 
Schizophoru 749*. 
Sohizopoda 483. para* 
site of4in*« paraxites 
on 490*, pigment in 
eyes of 333, validity 
of 453. 


Si-hi/.orliynehu-. 477. 
S<.*liizi>scclus 502*. 
Scia|>tcron 715-. 

Sriaru 742. 
Seiomyzidac 749-. 

.Srirus 851*. 

I Soleroehihis 392. 

' ScleroorAngoii 534*. 

Srlerodorma 760. 
j SoIcrodom.a 842*. 

I Scolecithrix 405*. 
Soolia768. 

Scolioplanes 002. 

. .Soolof>ondru 506, 603* 
blastoderm and so 
inites 310. 320, ovi 
position tiOl, syncerc 
brum 32t(, salivary 
giands 5SIH. stigmata 
500. 

S<*olo|>ondrella 007. 

S< <>|o|w 697*. 

Si'olpclluni diniorpinsm 
354. • 

Scolytu.*! 730*. 

Si'oparia 720*. 

S<*opjmerA 547*. 
.Sf*opiili|>o<luiu(* 764. 
S<*orpio 7WI, 806*. bla.*<« 
t<Klerm 34tl, Huinilcj* 
317. 

S4*or[»ion»flics 705. 
Soorpionidf^a 798. 
SiM>rpionK. lateral cy<*n 
334, rnefiiati ryes of 
330. 

S<’orpiopH 807. 

Sc*otcr|>es 593*. 
SootoannsMa 267*. 
ScotodeimA 267*. 
ScotophiluM 602. 

Scotoplanes 267*, stonc^ 
rannl 254. 

S4‘rubleIIIc 225. 

Seiilda 369*. 

SoiitollH 244*. shell 217. 
»S«'utellidiuin 406*. 
N<Miteilina |>oreo 216. 
N<Mjtellum 013, 709*, f 

722. ' 

S«*utigera 5tH{, 004, eyes ’ 
505, 5i^, maxillary ^ 
urgans 507, siilivnry * 
glands 508. 

S'lifigerclltt 607. 

S<'ii to vertex ^8'. 

Seiitiini tll3, of Ix^pas j 
410. ! 

ScydmiM*nidae 728*. 


! Seyllu 548*. 

» Seyllariis 535*. 

^ .Si*yramathia 546*. 
Seytn.'^tcr no|>ediceI].i* 
riae 173. 

Scytode-s 821*. 
Scytole|»tu.s 538*. 
Soa*euruminers 247. 
Soa^Ulie^i are (Vinoids 

295*. 

Sea-s^jiiirts 28. 
Sea-urchin 235*. 
Swuinduxil 278. 
Se<'undibrn<'h 277. 

• Sodasta 823*. 

Segestriu 821*. 
Selenocosmia 819. 
Selenofto 824* 

Semites 22(5. 

Semf^er’s rib 014. 
Senoculns 826*. 
Sense-organs Crinoids 
284, f'rustacea 347, 
Kc'hinodcrms 125, 

F>'hinoi<ls 220, Hole- 
thiiriutiH 250. Tiini* 
rnia 14. 

Sepi<*o)a 407*. 

Sejksis 750'. 

ScrgfstpM 629*, of 

.'>10', liirvao 449, 451. 
Scrirostoma 707*. 
.Seroloniecus 490'. 
Serrarius 848'. 

.Semila 834. 

Scrtulariana parnaiten 
of 423*. 

Sesarma 546*. 

.Se-ia 718*. 

<SotwiUventrt !0 766. 

.Setoila 406*. 

Sotina 718*. 

Shiirka, paraaito of 410. 
poraaito on gills of 
408*. 

8heep*ttck 753. 

Shell Criiatacoa 348. 

Echinoids 211. 
Shell.gland 343, 345. 
Shield-bugs 092'. 

Shrimp 534'. 

SialU 701*. 702'. 

Stcarius 821'. 

StoyonU 629'. 

Side 881', nervous sys¬ 
tem 372. 

Sidnyutn 842*. 

Higara 606*. 

Higillinn 84*. 
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Si^bcia 206 ** i 

Silk-glands 027* 

Silk-worm 714** | 

Silpha 728^ antcnmv . 

618* I 

SiWanuB 728*. 

Simocephalus 881 ner« \ 
you8 ay8t6iT\ 372* par¬ 
thenogenesis 374. 
SimognathuB 851*- j 

Simorhynchus 502*. I 

Simroth. canals of, in 
Ophiurids 203. 
Simulium 746*. 

Sinus system ESchino- 
derma 128. 

Siphon Echinoids 230. 
Siphonal tube Balano- 
gloasida 70. 

Siphons ptera 662. 
Siphonoccetes 600*. 
Siphonophora 594K 
Siphon or hinua 694^ 

Sirex 768. 

SirieUa 472. 4Q0\ legs 
467. malcB 469. 

Siro 840. 841. 

Sisinondia 243^. 

Sisyra 704*. 

Kitalcea 842^ 

Sitaria 733*. 

Sitlicua 826*. 

Sitzb, K. preua. Akad. s 
Sitzungabcrichte der 
KOniglicli - prouBsia- 
ohen Akadcmie dcr 
Wisacnachaften zii 
Berlin. 

Skeleton Aateroidea 160, 
Balanoglosaida 85. 91. 
Echinoids 209, Holo- 
thuriana 250. Ophiu • 
rids 195. Tunieata 4*. 
Skin Balanog*oa.^ida 69. 
(-'rincndK Opliin- 

rid^ 194 
Skip-jack 732*^. 

Skippero 713. 

Slimonia 798. 

Sluiteria 88*. 
Smeringopus 822*. 
Smerinthxia 716*. 
SmilaaterioA 193*. 
Smvnthur\is 657. tra- 
oKoae 650. 

Snake-flies 702*. 
Snipe-flies 746*. 
Sooialinae 764. 

Solaater 176, 109\ no 


poilicoUariae 173. 
fuirasito of 435. 
Soldier-fly 746^ 

Soienobia 720*. 

Soicnocera 629*. 

Solenysa 828*. 

Soles, paranito on 403*. 
Solifugae 829. 

Solpiiga 832. 

Solpugae 829. 

Somites of Arachnids 
317, 323, Myriapoda 
320. Inaecta 322. Crua 
tacea 323. 

Soothaayera 608*. 
Spanish-fly 733*. 
Spar»is3us 824*. 
Spatagocyatia 247. 
Spatangoida 244. 

Spatangua 246*, apiciiI 
avatem 218, cacou m 
230. 

SiHHdal anal 270. 
8i>ecilligus 408*. 

Spengelia 81, 103*. ner- 
voua system of 72, 
nerve-root 73. noto¬ 
chord 75. gill-slitH 78, 
liver 79. probcwoi** Kl, 
peripharyngeal cavi¬ 
ties 87, habits BHl. 
Spcrcheua 727*. 

Sperohon 861*. 
SjH*rmafophorca of Crus- j 
tacea 355. 

Spermatozoa of Cirri- 
pedia 421, Copepodn , 
309. Cniatacoa 354. 
Decapods 625. 626. 
Inaecta 030. Ostracoda 
388, Peripatua 564, 
Schtzopods 469. immo- 
tile of Palpigradi 829. 
Sphacrechinua 224. 242’. 
larva 140, pedjcella- 
' ria© 223. 

: Sphaoridia Echinoids 
j 120, 227. 

! Sphaeri odea mils 593*. 

Sphaerius 728*. 

‘ Sphaerogn<itra 852*. 

I Sphacroma 489*, brood 
( Baca 484, norvoua aya- 
tern 442, vitrellac of 
329, rhabdom of 331. 
Sphaeronella 410*. 
Sphaeroniacus 487. 
Sphacrotherium 692 
; Sphaerothuria 269*. 


Sphccodcs 768* 

Sphox 768, 761)*^ 
Sphindtia 781*. 
SphingUlao 714*. 

Sphinx 627, 715*, 
Sphyrapua 479, 

Spider marine 823*, 
water 826*, median 
and lateral oyea 333, 
anterior median eye 
of 336, trapdoor 810- 
Spinax paraaite of 423*. 
Spines Echinoderm>* 
121, Echinoids 22' 
Ophiurids 100. 
Spinnereta 710, 814* 
Spinners 68G. 
Spinooalanua 405*, 
iSpinthama 823*. 
Spiracles of Bhiatoida 
312 . 

Spiro bolus 693*. 

I Spirontocaria 633*. 
Spiropaguriia 540*. 
Spiroatrephoti 593* 
Spiroatreptua 693*. 
length 583. 

Splanchnocoel 120, 143. 
Splanchnotrophua 409*. 
Sponge^, parasites of 
423*. 

Spougicola 531*- 
Spongy organ CVinoiil^ 
288. 

Sporaatexioa 192*. 
Sporotaxia 242*. 
Squalua. parasite of 423* 
Squama 740. 
i Squash-bug 692*. 

I Si{uida parasite of 407*. 
i Squilla 60,5, 611, int<*^- 
1 tine 607*, larva 510. 
blood 332, fossil 359* 
Stog-boctle 723*. 
Stalagmua 408*. 

Stalita 821*. 
Staphylinidae 728*. 
Start! shea 100. 
Stosimopua 819, 
Statocyat 360, Arthro¬ 
pods 337. 

Stestoda 823*. 
Stegnaater 191*. 
Stegocephalua 501*- 
StegodyphuB 820*. 
Stegomyia 744*, 743*. 
Stegoaoma 63, 65. 
Stelidsoorinua 207. 

I Stolis 763. 
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StcIlMlcr 190^ 

Stem (Jrinoidb 2H2. 
»StcmmH 32H. 
Slcmi)mto<*riniiK 295. 
Stem-5iivwllic« 757. 
Stenastcr 1S8. 

Stenhelia 405*. 
Stonobothnid 672*. 
StenochilitA 822^ 
StenochiriiH 806*. 
Stenocunm 477. 
StenocypriH 382, 391. 
Stenogryllus 675*. 
StenO|M*linatinac 673*. 
StenophaAmus 761. 
Stcnophylla 669'. 
Stenopidca 531. 

StenopuH 531 
Steriorhynrlms 545*. 
St4'nolhoclieriv^ 410*. 
Stenothot 501*. 
Seenothouluc purt^iro | 
of 410*. 

StonovaU^H 689* 
Stcpburuixl^T 190*. 
Sh*pli!UUM*riniM 293*. 
SU'piinnob'pius 425*. 
Stt*|>hiitioMwiiu 473. 470. 
Su»plninoj>oidc.*H 824*. 
StepfiHUop’^itt 824*. 
Stophanii.H 761. 
ShTc'tdnniiA 242*. 

Sf 103*. 

03. noto<'hc*rfl 
Ta, proboJ^ciH poro.M M I. 
Slcrooclavclla 38*. 
StcroomaAtiA 634*. 

Sler00*10inAtn 240. 

Sternata 246*. 

Sternite 585. 

Sternum of In«oct 

617, S|>atan«oul«.2)7. 
StichaMter 191*. caro of 
brood 134, 187. inadro. 
[K>riU*a of 184. 
Sliohopusi 268*. clmriKo 
of form in growth 
251. nolo of 249. 

Stick inHOi t 069*. 
SticklcbAek paroaite of 
413. 

HtigmatA of Tiinicatn 0. 
Stigmatogantcr 602. 
Ktigmatoinmii 773. 
Ktim|jaonia 600*. 

Ntmg of been 702. 
Htmkdiiea 704*. 
Hiink-glandB Pedipalpi 
808. 


Stifles 619 . 

Stiphro[»UA 824 *. 
Stirochinus 242 *. 
StolaMteriaa 192 *. 

Stolon of Doiioluni •'*. 
Salpidfv 48 . 51 , Tuni* 
cata 18 . 

Slomatopoda 604 , liver 
of 442 . 

Stomochinus 241 *. 
Stomopneustea 242 *. 
Stone^canal 129 , deve¬ 
lopment 145 , Aate- 
roidi^ 183 . Crinoida 
287 , EchinoidA 232 , 
Holothurians 253 , 
Ophiurida 20 L 
Sionc-dioB 075 . 
Storenomorplia 822 *. 
Storlingoerinu.H 293 *. 
Strabai 409 *. 

Stnitiomya 746 *. 
Slreblidiio 763 . 
Stre|Ksijitera 787 . 
Slreptopliiurae 208 . 
»S!rept 4 >.HOinJttii 240 . 
SuidiilKting organs 
338. 

I Slrongvl‘K*eiitrotuB 209, 

210 . 212 , 242 , larva 
1 40 , .shell of 209 , apical 
plates 210 , Hhell plates 

222 . jK^ilicellarim^ 225 . 
Strungylosoma 694 *, 
larva 590 . 

Strongylura 479 . 
Strophiutt 824 *. 
StrotocriiiuH 296 *. 

; Stiidcna 246 *. 

^ Sturgeon, parasilo on 
gills of 408 *. 

Sturtzura 205. 

‘ Styela 29 *. 

Styoloida* 29 *. 
StyelopAU 29 *. 
i KtygophrynuA 811 . 

J BtylambU 442 , 522 *. 

I Ktylifer 203 . 

Ktyl ocellus 841 . 
Stylocorito 520 *. 
Htyloebeiroo 471 *. oye 
406 . 

Ktylocrinue 298 *. 

StylodactyIlls 632 *. 
Kiyloniscus 487 . 
Stylonurus 798 . 
Siylopauropus 682 . 
Siylops 737 . 788 . 
Styracastor 180 *« 


Submedian line Balano* 
glossida 94. 
Submentum 620. 

: Subneural (neural) gland 
0. 23. 

Subneurnl gland, 6. 23, 
of Salpida 47, 51. 
Subtegminal 280. 

I Subtentacular canal 285 
i Sunarisles 405*. 

Sii|>crambulaerA> pieces 
' 170. 

. Supcrlingua 610. 
Supcriinguae 322. 
Superlingiial segment 

009. 

Superpodition image 
333. 

Su|>eiTadiHl 277. 
Swift-moth 717*. 

Sybota 820*. 

Sylon 433*. 

Symbathoorinus 293*. 
Sympagurus 540*. 
Sympathetic Inscvla034 
Syiui>hrasis 704*. 
Sytnpliyla 604, aOini- 
j ties 60i>. 

Symplcgina 31, 32*. 
Symptcrura 205. 

Synugoga 435. 
SynalUctes 267*. 

» Synumphithoe 600*. 

1 Synapta 138, 139. 151, 
250, 269^, ovi|K)siU(Mi 
204, parasites of 203, 
fossils of 204, JKTI- 
liacma) canal 20<i, 
stonc-canal 253. 
Synaptic u la Bahino- 

gloasidu 77. 
Synoaetdia 30. 

Ky ncarid a 35H *, 469 

limbs and opipiKiiien 
460, development 402 
Syncerobrum 320, 320. 
SyncetiiiA 407*. 
Hynoicum 84*. 

Bynopia 602*. 

Bynotuxus 823*. 
Synstycla 87*. 
Byntoliidae 728*. 
SyntomiH 716*. 
Syrichthus 718*. 
Byringobia 862. 

Byrphus 749. 

ByspaAtuH 487. 
SysUUcispis 681*, 
tiytygy 283. 
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Tabaous 747‘. 

J'nchaoa 489*. 

T>u:hi«Iiu8 406*. 
I'lichinidae 761. 
Tacbytes 769*. 

Tactile setae 338. 
Tadpole larva of Timl- 
oata 20i senBe-orgaiui 
of 22. 

Taenidae 630. 

Taeniura 205. 

Tagmata G08, 774. 
Ta^a 824*. 

Taloro orinua 296*. 
Talaua 824*. 

Taleporia 716*. 

Talitnis 602*. gills of 
498. 

Tama 822*. 

Tunaidacea 477. 

Tanois 479. antennae 
477, mandible 478. 
Tanaognatbua 850*. 
Timypezldae 760*. 
Tanypleurua 409*. 
Tanyscelua 602*. 
Tonystylum 784. 
Tapetum 331. 

Tapinillua 826*. 
Tapinoma 772*. 
Tarantula 810*. 
Tarantula spiders 825*. 
Tardigrade 865. 

Tarsaater 191*. 
Tarsonemus 860*. 

Tascina 714*. 

Tazoorinua 297. 298*. 
calyx cover 281, orala 
280. 

Tedia 821*. 

Teeth Echinoida 227. 
Tegenaria 813. 810, 886* 


T^eocranua 848*. 
Tegmen calycia 270, 270 
Tegmina 065. 

Tegonotua 8U*. 

Tegula 709*. 740. 
TeguUe 013. 

Teleoia 821 *. 

Telemooa 067*. 
Teleostei, paroaito of 
407*. 

Teloleoithal 340. 

TeltQii 32 6, of Tnsecta 
009. Ualacostroca 
437. 


Temneotiiaw 241*. 
Teinnoridaria 889*. 


Tomnoplourua 241*. 

Tomora 405*. 

Tcnebrio 784*. auteniia 
618. 

Tentacles Crinoids 271, 
Holothuriana 240, 
function of in HolO' 
thurions 263. 

I Tentorium of Cockroocli 
Oil. 

I Teras 720*. 

I Terebellicola 407*. 

TereboUidae parasite of 
407*. 

Terebrantia 690*. 

Tergite 685. 

Tergum of Insect 610. 
Lepaa 419. 

Termee 678. 688*. 

Terminal platee Aate* 
roida 171, Echino* 
derma 122. 

Termites 678. 

Termitidae 678. 

Tertaxil 278. 

Tertibrach 278. 

Tertrix 811. 

Teat of Tunicata. ,3. 

Teet'Cells of Tunicata 
19. 

Teetudinaria 824*. 

Tetanooeridae 749*. 

Tethyodea 26. 

Tetrabaliua 810*. 


Tetraoidaria 238. 289*. 
interambulacral plates 
211 . 


Tetraolita 426*. 
Tetroorinua 801*. 
Tetradidemnum 86*. 
Tetragnatha 828*. 
TetraUa 648*. 
Tetranychua 860*. 
Tetrathyrus 602*. 
Tetronerythrin 352. 
Tetrophthalmua 661. 
Tettix 672*. 

Teutana 828*. 
Tcuthrauatea 8C7. ' 

Teutonia 861 *. ’> 

Texaa fever 849', 850*. ' 
Theia 718*. i 


Thalassina 537, 633 *. 
Tbalasatnidoa, paroaito 
on 491*. 


Thalaasocaris 532*. 
ITialessa 760. 
Thaleatris 406*. 
Thalia 68. 


Thaliocea 44, epioardium 
of, 16. 

^mmastee 707. 
Tliamnocefdtalos 876- 
'rhamnolrizon 078*. 
Thamyris 602*. 

Thatch.beetles 728* 
Thaumaleus 406*. 
Thaumastochelee 686*. 
Thauroastoplaz 647*. 
Thauroatocrinua. 801*. 
attachment 270. in- 
terradials 278, orala 
280. stem 282. 
symmetry 273. 274. 
Thaumatooypris 890*. 
Theatops 602*. 
Theoarthra 852*. 

Thecla 718*. 

Th4elia 260*. 
Theganopteryx 667*. 
Thelphusa 648*. 
Thelyciim 627. 
Thelyphonelius 810*. 
Thelyphoiius 810', 809, 
gut 808. 

Themisto 608*. 

Thenus 685'. 

Theonoe 828*. 

Theotima 821*. 
Tberaphosa 810. 
Theraphueao 819. 

Thereva 747*. 

'Fhoridion 888*. 
TheruUosoma 824*. 
Thermobia 660. 
Thorodamas 409*. 
Theraitea 407*. 

Thestylus 807. 

Theuma 822*. 

Tbia 649. larvae 451, 
tooea of 446. 
ThioUieriorinus 801 
Thomisus 824*. 
Thoropaonia 488*. 
Tboraoaater 189*. 
llioraeio bud 86. 

Thorax Crustacea 342. 
ThoroUla 406*. 

ITiorictus 780'. 
l*hripa 089. 090. com- 
onion- 680. 

Thrixion 761*. 

Thyas 861*. 

Tljyatira 716*. 

Thylsoium 87*. 
Thylaooplethiis 403*. 
ThyleoUnus Ml*. 
Thynninae 76& 
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Thyone 268*. 260, geni¬ 
tal papillal2r)2, ulonc- 
canal 253. 

Thyopeis 860^. 
Thyreophoridfto 760. 
Thyrididae 717*. 
Thyrsophorus 678'. 
I'hyaanocrinua 296*. 
Thyaanociwa 471*. 
ThyeAiiopoda 471’. 
Thysanoptcnx 680. 
Thysanoto 409% 
Thyaanura 667, cyvx «'f 
320. 

TinrcchintiM 2.3K. 239'. 
Ticka 840*, dog. rep¬ 
tiles 850'. 

Ticdcman’M l>n(li<*H .\». 
teroitlx 184, K<'liii>o- 
licrinH 120, fun<-tioii 
1.30. 

'l'i(‘(lc-in)inii*K potirli 177. 
'I'igrr.l>f <-l !<• 72-'»-. 72'*'. 
riger-inotlj 7 IH-. 

Tilliis 782'. 

'rinaogcrii«laP 716*. 
Tinea 720*. 

'l ineola 720*. 

Tingidae 692^ 

Tinodr« 707*. 

Tiphyt. 861'. 

Tifniiii 746', wing lill. 
Tiron 601'. 

'l’iHl)o 405*. 

'I'ltanetlK-M 487. 
litliorta 712'. 
lityus 806*. 

'I'rii.'iriiR 824*. 

Tmrtieiis 823*. 

'I'oi .iisvary organ 
.'■HP7. 

'roninUTe* 703', 

Toiigiit*. Inttc"t CM. 
Ionia 191*. 

Tornnria 05, 99, grena- 
churi 00. 

'I*orrenlieola 861'. 

rortri* 720*. 

Torus angiilaria Opliiii. 
rids 108. 

Toxoeidaris 242*. 
Toxupneustes 242*. 
Tozeuma 588^ 

Tracheae 33ft, A • 
niUa 770» ChifoiMxlii 
liW, I)i}>lop<xla r>H7, 
IiiMccla Pcrj|»atua 
M|iider»Hl3, wood 
Lee 44Is 


Trachcliastes 409*, 
Trochyiiiluft 693% 
Trachypetra 672*. 
Trachysoma 593’. 

Trane, Linn, Sim*. ’’c 
T ran.^actionH of t l^c 
Linnean Society of 
Ix>ndon. 

i Traj^ezia 648*. 

Trebius 408’. 

' Tremaetor 19P, 

! Tremex 7r>7, 758. 
Trepang 2W. 266*. 
Triaorinue 293^ 
Triangulue 483^ 
Tnarthrue 362. 363, 3ti4. 
365. 

IVichaeter 207 ^ pedi* 

ccllariac of I0<>. 

I Trichiura 717*. 
'IVichobranchiac CIU*. 
'rrichoilcctos 061. 
'rnrho<s*iuH 852’. 
'rrirlionisruH 487. 

I 'IVichoptcra 706. 

, TricJioptorygi^hie 728 •. 

Tri<-lioliirHue 854’ 

I Triclittincorue 409’. 

* Triidiiira 716’. 
'rrii*4>4*)rM*rin(iH 312> 313. 

7Vii*ongiiiH 822’. 

'rrict4^noloii)idno 734’. 
'JViiliK'lyhie 674’. 
'JVidorilate 223. 
Trigunalys 761. 
'rrigoiiidiinac 675^ 
Trigonoiddarie 241’. 
Trilobita 361, 

rrnro 3ii5, aftiiiitiee 

'rrinicritt 767. 

3Vin<nira 748’, 

'IViniKdoue 3Ci5. 

Triphacna 719’, 

Triphle|w 694’, 
TriphyllouA 224. 
Tripneuatea 242’. 
Triachizoatoma 601 
Trilhyreue 810’. 
Tritoccrebnim 32 L ti34. 
Tritoma 730’. 

Triungiilin 737. 

Triviuin 118, Crinoidn , 
272, Holothuriana 
249 

IVocliiiium 716’. 
Trochoryatin 309. 
TrocluMlermu 289’. 
Trocbodola 269’. 


Trochoetoma 268.’ 

stone-canal 251. 

Troglocahs 532*. 

Trogosita 729*. 

Trogulns 840. 842-. 

Tromhidium 860*. 

' Trooetocrinus 312. 

Trophi 621. 

Trophozooid o**. 

Tropidoderus 070. 

Tropidomantis 669*. 

Tropiocarie 631^. 

Trouessartella 851-. 

Troueasartia 352? 

Trunk coelom R.ilano. 
glossida 89, litcriil 
septum 89 

Trunk-legs of l)c<M|ic.Kh 
522*. 

Trygaeuj^ 784. 

Trypota 750’. 

Tryphana 503’ 

I Trvpoxylon 769*. 

! rryxalis 672'. 

I THctsc-fly 751i'. 

I Tyliwter 191pkin Dti). 

! Tylobranchioii 34*. 

Tylos 487. 

Tynipniiorhinae 073*. 

■i'ympRnoteri>c.H 696. 

Typhl<x'^oIo of 'I'linicala 
14. 

I I'ypoj'oltis 810'. 

Typton 688*. 

Tyro 603*. 

Tyroglyphufl 847. 854*. 

Tyrrellia 860*. 

Tube-feet Cysticla 30'). 
(podia) E}chin<xlerni'< 
120. Holothurians 250, 
254. 

Tubicinella 425'. 

Tiibulifera flOO', 761 . 

I Tuoca 408 *. 

I Tunic of Tiinicata 3. 

Tuniciitji 1, history of 
2, (Juvier on 2, L^t- 
inarck on 2, Milne- 
Edwards on 2, Kowa* 
levsky on 2, Krolin 
on 2, aftinitiee of 2, 
habile of 2, claaaihca 
tioii of 25, deTelop- 
ment of 20, conimen* 
haIm on 44H(. 

Ttinii^atee, parasite of 
407*. 

Turnip sawlly 7*»H. 

Turnip flea 735^, 
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Turtles, paraj^itos of 
425^ 

Tu88o<*k*moth 718^ 
Tussore-silk 7l4^ 

IVa 547*. 

Uinlacrinus 298^ stem 
2K2. 

Ulidiidae 750^ 

I lubonis 820^ 
riula 703*. 

I’ncijicr 593*. 

I’nciola 500*. 

I’nd^'rbasul plates 
iioderms 12). 
I’ndenohaeta 405*. 
l’nioj)hora 192". 
I'niscrial brachials 27H. 
I ‘pogebia 538*, para- 
.Hite on 4b 1*. 

ITania 719*. 

Urastcnlla 188. 

Vrivhiiuis 246*. 
l.*Mste.H 50y. 
l^r<xdujrda 1. 

1‘riK'tva 822*. 

VriK iotni.s 807. 

Vro<ljMniH 806*. 

I roplioiiju^ 807. 

I To|ilri l(*s 806*. 
rrn|ujdii 848v 
l*rn|KnlH ;i l7. 441, ,V22*. 

I riiprn* tu^ 810*. 

I ’r(j|>ty^duiH 541 *. 

I ’rupygi 810. 

IToHuim* < (»p*‘|ir»ds ;{p;s. 

I501 *. 

I r^a 824'. 
t'hoKla 821 . 

V'alvastcT 192*. 

N’alvifera 488. 
\‘aubcne<ienia 409*. 
N'anessa <»37, 712*. fi- 
male gona<is I»:t7. 
N'anessula 713*. 
Nariabihty Ha)ani». 

glossida l 02 . 

X'aHculor fold Habinu. 
glossida 88. 

Vasciilor system Ararh- 
nida 777. Balano* 
gloAsida 02, ('rinoids 
287. EchinodcrinslO I. 
Echinoids 233, Holo- 
thurians 260. Ophiii* 
ride 203, Tunicata 16 
Vnsoperitoneal 142. 
Va^cs 669^ 


Vaunthompeonia 476. 
Vectiua 824« 

Vejovia 807. 

Voiia 693*. 

Velocipcda 694*. 

Vena spuria 740*. 
Ventrolaterals 171 
Vermiform proceH.s of 
notochord 75. 

Verruca 426. 

Vespa 767. 

Vcxillaria 65. 

; Vibilia 603*. 

• Vinedou.^^e 600-. 

Virbion 8.33*. 

Vitrcllae 329. 

Viviparous Insects UOCi*, 

667 * 

N’oluceUa .749*. 

• W'alkiitg-Htiek Inscid 

tUI. 

» iV'arblcs 752-. 

; \\'ns|is 766, digging 
767. 

Water-beetle 725*. 726*, 
727*. 73P. 

Water-boat men t*05. 
Watvrbiigs 6!t2*. 
W'ater-ricas 377. 
Waterporc 118. 127. 130, 
(’rinoids 287, Kt hi* 
noids 218. 

Water-scorpions ti04*. 
H’ater-striders t»b2*. 

W'a ter vascular system 
Asteroids Isl, Cri- 
nofdA 2S6, Ki'bino- 
derma 12H, Keiiinoids 
231, Kolotlinnatis 251, 
<.>phiuridK 2tH. 
Weevils 724, 736b 
We^itwoodia 405b 
W'estwooililla 501*. 
Wettiiift 850*. 

Wf vprecbtia 601*. 
W'birlipipH 727 b 
Wbite-aiits t>78. 

Whites (butterllics) 713. 
W illemoesia 534*. 

Wi lie via 103 b probo¬ 
scis 80. 

Wiotcr-eggs Uruneluo- 
]K>da 373. 
Winter-moth 700. 
Wircuorms 591. 732*. 
Wolf-spiders 825*. 

AVood • leopard • moth 
-716*. 


Woodlicc 487 b 
spaecs of 441. 
Wo^ocrious 296. 

t 

f 

t 

Xantharpvia 753, 768. 
Xantlio 548*. 
Xanthoralanus 405*. 
Xenobalnnus 425*. 

I Xenocheira 500*. 
Xenoelea 600*. 
Xonocrinus 296*, 297, 
301*. 

Xenodoce 500*. 

Xenoa 738. 

XcrnphyJlum 672*. 
Xestoleberia 391. 

' Xipbias. i^arasito in mu- 
ecus canals of 408^. 
Xiphidiiim 673*. 
Xtphoraris 532*. 
Xiphoceni 672. 

I XipboHura 786. 

4 Xolalces 852*. 

^ Xoloptea 852*. 
XyBopteridae 688. 
Xyletbnis 824*. 
Xylopagurus 640*. 
Xylophagidae 746*. 
Xystonolus 850*. 

YrHow-fever 744. 
Yellows {lnittertlii*s) 7 n 
Yoked iK>rcs 214- 
Yfvsilothuria 269*, bi-uls 
fi>rm 249. 

Z.f.w.Z. " Zeitsebnft 
fiir wissenschufliiehe 
Zonlogic. 

Znldus 806*. 

Ziiithn 695*. 

Zanclifer 544*. 

Zaus 406b 
Zephronia 592, 

Zereon 848*. 

Zeriaasu 832. 

Zetes 784. 

Zetorchc.stes 848*. 
Zougloplcurus 241*. 
Zeuzera 716*. 

, Zimiris 822*. 

I Zooea 357, 44lb of 
Penaeua 528. 

' Zodarion 822*. 

Zool.Anz. Zoologtscher 
I Anzeiger. 

^ Zoul. jabrb Anat. •* 
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Zooliijrisohe Jahr 

buch<?r Abthf*i1«tig fur 
Anato’nitf Onto- 

genit •l<'r re. 

Zool. Juhrb Sy«t. - 
Zool<>giacli© Jalif- 


bucher Abtheilunz fur 
Systemattk Cieogrr.- 
phie uiid Bio’ogie dfr 
T^eic. 

ZoroBister Idl*. 
Zorocmtcf 920*. 


Jiorop° ’ 820*. 

Zvea'-«*‘i 

02i'. 708. 
/[>U' t,d3*. 

Z It ?05. 

Z\ _>'tl.uria C67‘. 






